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FOREWORD 

This handbook is a guide to the application of the International System of Units 
(abbreviated SI), the modem metric system. As a result of Federal legislation, SI 
is identified as the primary measurement system for Government use. This 
document is a consolidation of various specifications and standards, prunanly 
ANSI/IEEE Std 268 and ASTM E380, recognized by the Metrication Operating 
Committee of the Interagency Council on Metric Policy as authoritative sources on 
SI for use by the Federal Government The information in this handbook is 
presented with sufficient detail to assist those personnel who may not have had 
formal training in using either SI or other metric systems. 

This guide provides information for an unders tan di n g of SI units, symbols, and 
prefixes^ style and usage in documentation in both the United States and in 
iTi t<>mgtinnfl1 business; conversion techniques; limits, fits, and tolerance data; and 
drawing and technical writing guidelines. Also provided is information on SI 
usage for specialized applications like data processbag and computer progr amm i n g, 
science, engineering, and construction. Related information in the appendixes 
include legislative documents, historical and biographical data, a list of metric 
documentation, rules for determining significant digits and rounding, conversion 
factors, shorthand notation, and a unit index. 

Requests for information, corrections, or additions to this document shoidd be 

to NASA, Engineering Devdopment Directorate, DM-MED-33, Keimedy 
Space Center, Florida 32899. Requests for additional copies of tl^ document 
ah mild be sent to Forms Warehouse, Kennedy Space Center, Florida 32899. 
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b 

bar 

Bq 

Btu 

Btu/hr 


c 

C 

cd 

Ci 

cm 

cm 

cm 

cps 

C„ 

d 

da 

dam* 

dB 

dm 

dm* 

E 

eV 

f 

F 

F 

fin* 

ft* 


g 

S 

G 

gal 

Gy 

h 

H 


acceleration 

atto (prefix), annum 

ampere 

astronomic unit (UA in French) 

bam 

bar 

becquerel 

British thermal unit 

British thermal unit per hour 

centi (prefix) 

coulomb 

candela 

curie 

centimeter 
square centimeter 
ctabic centimeter 
cycles per second 
warping constant 
day, ded (prefix) 
deka or deca (prefix) 
square dekameter 
dedbel 
decimeter 
cubic decimeter 
exa (prefix) 
electronvolt 
femto (prefix) 
force 
farad 

force due to gravity 
femtometer 
square femtometer 
sqiiare feet 

gravitational acceleration 
gram 

giga (prefix) 

gallon 

gray 

hour, hecto (prefix) 
henry 


XXI 
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SYMBOLS (cont) 


ha 

Hg 

hm 

hm^ 

hr 

Hz 

I 

inHg 

ixiHjO 

J 

J 

k 

K 

kg 

kgf 

kip 

klx 

km 

km* 

kp 

kPa 

ksi 

kW 

kW h, kWh 

L,1 

lb 

Ibf 

Im 

lx 

m 


m 

m 

m 

m* 

m« 


M 

mbar 

MCF 

MCM 


Mg 

mGy 

min 


hectare 
mercury 
hectometer 
square hectometer 
hour (non-SI) 
hertz 

second moment of area (moment of inertia) 

inch of mercury 

inch of water 

torsional constant 

joule 

kilo (prefix) 

kdvin 

kilogram 

kilogram-force 

kilopoimd (1000 Ibf) 

kiloluz 

kilometer 

square kilometer 

kilopond 

kilopascals 

kip per square inch 

kilowatt 

Hlowatthour 

liter 

pound (mass) 

poimd-force 

lumen 

lux 

mass 

meter, milli (prefix) 
square meter 
cubic meter 

meter to the fourth power 
meter to the sixth power 
mega (prefix) 
millibar 

thousands of cubic feet 

thousands of circular mils 

megagram 

milligray 

minute (time) 


xxu 
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SYMBOLS (cont) 


MJ 

mm 

MM 

mm ^ 

mm* 

mm* 

mm® 

m/m 

rmriHg 

mol 

MPa 

m/s* 

mSv 

n 

N 

nm 

nT 

P 

P 

Pa 

pc 

pcQ 

pF 

pH 

psf 

psi 

pW 

R 

rad 

rd 

rem 

s 

S 

sr 

Sv 

t 

T 

T 

To 

u 

V 

W 


megajoule 

millimeter 

millions 

square millimeter 
cubic millimeter 
millim eter to the foxirth power 
millim eter to the sixth power 
meter per meter 
millim eter of mercury 
mole 

megapascal 

meter per second squared 

millisievert 

nano (prefix) 

newton 

nanometer 

nanotesla 

pico (prefix) 

peta (prefix) 

pascal 

parsec 

poundal 

picofarad 

per hydrogen 

pound per square foot 

pound per square inch 

picowatt 

roentgen 

radian 

rad 

rem 

second 

siemens 

steradian 

sievert 

temperature (in degree Celsius) 
thermodynamic temperature (in kelvin) 
tesla, tera (prefix) 

273.15 kelvin 
atomic mass unit 
volt 
weight 


xxm 
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SYMBOLS (cont) 


W 

Wb 

y 

Y 
z 
Z 
Z 

P 

Pg 

pL 

]im 

]zPa 

£2 

% 

V 

<0 

o 

“C 

op 


/ 

% 


watt 

weber 

yocto (prefix) 
yetta (prefix) 
zepto (prefix) 
modulus of section 
zetta (prefix) 
micro (prefix) 
microgram 
microliter 
micrometer 
micropascal 
ohm 

pi (3.14159) 

tangential linear velocity 
angular velocity 
degree of arc 
degree Celsius 
degree Fahrenheit 
minute of arc, foot 
second of arc 
inch 
per 

percent 


xxiv 
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UNITS AND SYMBOLS 


Quantity 

Quantity 

Symbol 

Unit 

Unit 

Symbol 

Formula 

amount of substance 

n 

mole 

mol 


angular frequency 

CO 

radian per second 

rad/s 


area 

A 

hectare 

ha 


capacitance 

C 

farad 

F 

C/V 

Celsius tenqjerature 

t 

degree Celsius 

°C 


charge 

Q 

coulomb 

C 

A-s 

conductance 

G 

siemens 

S 

A/V 

conductivity 

o 

siemens per meter 

S/m 


current 

I 

ampere 

A 


electric field strength 

E 

volt per meter 

V/m 


electric flux density 

D 

coulomb per square meter 

C/m2 


energy, work 

W 

joule 

J 

Nm 

force 


newton 

N 

kgm/s2 

frequency 


hertz 

Hz 

1/s 

inductance 


henry 

H 

Wb/A 

length 

1 

meter 

m 


luminous intensity 

1 

candela 

cd 


magnetic field strength 

H 

ampere per meter 

A/m 


magnetic flux density 

B 

tesla 

T 

Wb/m2 

magnetic flux 

d> 

weber 

Wb 

V-s 

magnetomotive force 


ampere 

A 


mass 


kilogram 

kg 


permeability 


henry per meter 

H/m 


permittivity 


farad per meter 

F/m 


plane angle 

e 

radian 

rad 


power 

p 

watt 

W 

J/s 

pressure 

p 

pascal 

Pa 

N/m2 

Rankine temperature 

Tr 

degree Rankine 

°R 


relative permeability 

\Ju 

(pure numbCT) 



relative permittivity 

£r 

(pure number) 



reluctance 

R 

ampere per weber 

A/Wb 


resistance 

R 

ohm 

Q 

V/A 

resistivity 

P 

ohm-meter 

Q-m 


solid angle 

Q 

steradian 

ST 


specific impulse 

Isp 

second 

S 


thermodynamic temperature 

Tk 

kelvin 

K 


voltage, potential 

V 

volt 

V 

W/A 


xxv/xxvi 
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SECTION I 
INTRODUCTION 


1.1 SCOPE 


The Omnibus Trade and Competitiveness Act of 1988 dedares that the metric 
system is the preferred system of weights and measures for the United States 
(U.S.) trade commerce. The Act was followed by Executive Order 12770 which 
specified that the Federal Government must conduct business using the Interna- 
tional System of Units (SD as the primary measurement system and requires that 
each Federal agency convert to the metric system to the extent economically 
feasible by 1992. A transition period for NASA’s metrication fium the inch-pound 
system extends to the end of 1995. 

This handbook is a guide to the application of SI. Sections include descriptions of 
basic, derived, and supplementary units and unit symbols; prefixes and prefix 
symbols; style and usage; conversion techniques; limits, fits, and tolerance 
information, drawing and technical writing guiddines; keyboard applications; and 
science, engineering, and construction information. The appendixes provide 
supplementary information as listed below: 


Appendix A; 
Appendix B: 
Appendix C: 

Appendix D: 

Ap])endix E: 

Appendix F: 
Appendix G: 

Appendix H: 


Executive Order 12770 

Historical and biographical information 

Reference list of metric documentation available throrrgh 
Government agencies, publishers, and industry organiza- 
tions 

Guidelines for determining significant digits and round- 
ing 

Examples for writing shorthand forms for metric termi- 
nology 

T .isting of physical constants in metric 

Various tables of conversion factors including an alpha- 
betical listing, a classified listing by physical quantity, 
and decimal eqmvalents of inches and millimeters 

Examples in deterrximing tolerances and tables of pre- 
ferred tolerance zones and fits 
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Appendix I: Index referencing SI units throughout this document 

Appendix J: References 
1.2 DEFINITIONS 

The following definitions apply to this section. Additional definitions are listed in 
other sections of this handbook where tiie definitions pertain to the discussion. 

a. Decimal System - A system of numbers that uses multiples smd sub- 
multiples in powers of ten. 

b. Design, Inch-Pound - An inch-pound design is one which uses only inch- 
pound units for all measurements and specifications. 

c. Design, Metric - A metric design is a design that uses only metric units 
for all measurements and specifications. 

d. Design, Soft Metric - A soft metric design is accomplished when an 
inch-poimd design is defined in equivalent metric units. 

e. Hybrid System - A hybrid system is one that incoiporates both metric 
and inch-pound designs in its major components. 

f. Inch-Pound Units - Inch-x>oimd units are based upon the inch, foot, and 
yard linear measurements and the pound as commonly used in the U.S. 
and defined by the National Listitute of Standards and Technology 
(NIST) (formerly the National Bureau of Standards). It should be noted 
that some units as used previously in other countries (like the gallon) 
have the same unit names but may differ in magnitude. For purposes 
of this document, indi-pound units indude other units, like the degree 
Fahrenheit (®F), used extensively in the U.S. 

g. Metrication - Metrication is the process or act of converting from an 
existing system of xmits to the metric system. 

h. System, Inch-Pound - The indi-pound system is a system of weights 
and measures, using inch-pound units, used in the U.S. since its foimd- 
ing, through its use by governments and the general public. It has also 
been referred to as the "English system," "customary system," and the 
"U.S. system." This system was the primary system of weights and 
measures in the U.S. prior to the Metric Conversion Act of 1975. 
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i. System, Metric - The measurement ^rstem that uses the meter, kilo- 
gram, second, ampere, and kelvin for length, mass, time, electric 
current, anH temperature, respectively, and other units derived from 
these. The system evolved into the SI. 

j. The International System of Units (SI) - SI is the modernized version of 
the metric system based on the meter, kilogram, and second (MKS) 
units. 

1.3 THE INTERNATIONAL SYSTEM OF UNITS (SD 

The modernized version of the metric system, Le Syst^me International dUnit4s 
(International Sjrstem of Units), abbreviated SI, was developed in 1960 and was 
established as the preferred system of measurement in the United States with the 
enactment of the Metric Conversion Act of 1975 and as amended by the Omnibus 
Trade anil Competitiveness Act of 1988 (Public Law 100-418). This law was 
followed in 1990 with Executive Order 12770, which specified that the Federal 
Government must conduct business using SI, as the primary measurement 
system. SI is interpreted or modified for use in the U.S. by the Secretary of 
Commerce (55 FR 52242, December 20, 1992). The name "Le Systeme Interna- 
tional dUnit^s" and its abbreviation were adopted by the 11th General Conference 
on Weights and Measmres [Conference G6n4rale des Poids et Mesures (CGPM)] in 
1960. 

SI is a dpHmfll system composed of basic, supplementary, and derived units, 
gi pce the metric system has evolved over 200 years, there is widespread usage of 
obsolete and improper metric units and practices, particularly in those countries 
that began nging the metric system long ago and use units that are part of the 
centimeter-gram-second (cgs) metric system. SI is the form of the metric system 
that is preferred for all applications for the Gove rnment . 

1.4 PROGRAM AND PROJECT USE OF SI 

The NASA Management Instruction (NMI) 8010.2 is the NASA response to 
Executive Order 12770 and establishes policy and responsibilities for use of the 
metric measurement system in NASA programs. According to the metric transi- 
tion plflTi developed by the Office of Space Flight (OSF) for the OSF and the Office 
of Space Systems Development (OSSD), the metric system of measurement 1ms 
been adopted as the primary system of units for all OSF institutional activities. 
Metric uoits are required in all requests for proposal (RFP's) for program new- 
starts for which phase C/D (or equivalent acquisition) is initiated after October 1, 
1990. All programs in an earlier phase will be converted to metric at the start of 
the next program phase. Programs in development (phase D) or operational 
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(phase E) phases as of October 1, 1990, are exempt. Major programs exempted 
include: 

a. Space Shuttle 

b. Space Station Freedom 

c. Flight Telerobotic Servicer 

d. Advanced Solid Rocket Motor (ASRM) 

e. Extended Duration Orbiter 

f. Existing expendable launch systems 

Future procurements for components, subsystems, and systems within exempted 
programs are also exempted. However, existing and new indi-pound dravungs 
and documentation shall include metric dimensions, as needed, to support inter- 
faces with new metric hardware or metric-based operations. Generally, institu- 
tional activities primarily supporting oni^ing exempted programs are exempt from 
using metric units after approval of a waiver. 

New or replaceable test equipment, manufacturing equipment, machine tooling, 
etc., will use the metric system of measurement when it is most cost effective for 
the program or project, regardless of the program exemption dassification. 
Exceptions and deviations to this policy must be approved by the John F. Kennedy 
Space Center (KSC) Metric Coordinator as des^;nated in the ESC Management 
Instruction (EMI) 8010.2. 

Refer to section VI of this document for guidelines for determining when conver- 
sion to metric is required and for meUiods of conversion. For more information on 
KSC’s metric transition plan, see the KSC Handbook (EHB) 8010.2. 

1.5 WAIVERS 

Waivers may be granted on a case-by-case basis. The OSF Metric Transition Plan 
states that waivers to the required use of metric units will be i)ermitted for 
individual programs and discrete elements within programs where it can be 
demonstrated that metrication is impractical or adversdy affects overall sys- 
tem/program costs, sdiedule, or performance. Any program that receives a waiver 
in transition from one early program phase to another must reapply for a waiver 
when advancing to a subsequent phase of development. Justifications for w£uvers 
must address cost and budget, logistic support, schedules, operational require- 
ments, safety, ability of Government activities and industry to respond in a timely 
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manner, and the effect of the waiver on metrication of other program elements. 
Refer to the OSP Metric Transition Plan for a complete description of the waiver 
process. 

1.6 PROJECT PHASES 

The following paragraphs briefly describe the phases of a project and the respec- 
tive measurement system issues to be considered. Refer to section XI for informa- 
tion specific to construction projects. 

1.6.1 MISSION NEEDS AND CONCEPTUAL/PRELIMINARY STUDIES (PHASE 
A). The measurement system to be used for a project is defined in Phase A. 
Preliminary studies and field investigations should be conducted in SI measures 
for metric and hybrid projects. If the measiurement system to be used cannot be 
identified in this phase, it is recommended that the project begin usmg SI mea- 
surements. Waiving the use of the metric system cannot be authorized until some 
study and evaluation have been performed; therefore, no time would be lost in 
converting a project after work has been done. 

1.6.2 CONCEPT DEFINITION (PHASE B). Phase B efforts continue to ^e SI 
TnpggnrPTnp-ntR while the project is being defined. Costs are estimated using 
metric quantities of products and materials. Specifications are defined in SI umts 
only for metric projects. Statements of work dearly describe the project as bemg 
metric and are written with all units in the project’s measurement system. 

Clearly state that the project is a metric project and that all responses must be in 
SI xinits. If it is uncertain whether or not a project will be metric, state that it is 
possible that the project may be metric. 

1-6.3 ACQUISITION. Annoimcements published for projects should dearly 
identify the project as being metric. Procurement of materials and components for 
metric items and systems, induding soft metric items, shall be procured in metric 
quantities. Procurement for existing inch-pound items and systems should 
continue to be procured in inch-poimd quantities unless the system is converted to 
metric. 

1-6.4 DESIGN AND DEVELOPMENT (PHASE C). 

1.6.4.1 Hardware. New hardware shall be designed with SI as the baseline 
measurement system unless a waiver is granted permitting tiie use of inch-poimd 
iinif-g ETigti-ng hardware designed in indh-pound tmits should re main in inch- 
pound units with interfaces with metric hardware being soft-converted to show SI 
measur eme n ts. Hybrid systems may show dual measurements at interfaces as 
necessary. Waivered programs will be required to use dual umts on drawings and 
documentation that support metric operations or interfaces. Product selection 
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should indude consideration of replacement parts in the required meastirement 
lanits. 

Instrumentation designed for use in flight and ground support systems should 
have user-selectable measurement units for display and printout. The user should 
be able to select between SI units and inch-poimd units. 

1.6.4.2 Software. Mission and flight operations software should provide user- 
selectable measurement units for visual display and printout. The selected 
meastu*ement system should be dearly defined. 

1.6.5 FABRICATION, INTEGRATION, TEST, AND EVALUATION (PHASE D). 

1.6.5.1 Tooling. Fabrication, and Assembly. Tools shall be compatible with the 
design imits of the hardware. Tools may be used that are designed in an alternate 
measurement system as long as the product meets the requirements in the proper 
measurement system. 

1.6.5.2 Test Equipment . Test eqmpment shall provide dual output capability 
where the user may select the measurement system for video display and printout. 

1.6.5.3 In.«;nection and Acceptance Testing. Inspection documents and all qualifi- 
cation, in-process, and acceptance test reports shall use the same units as the 
design specifications. All inspections and testing shall be conducted in those 
units. 

1.6.6 OPERATION AND MAINTENANCE (PHASE E). All operation and 
maintenance documentation shall be provided in the measurement tmits of the 
project’s hardware. Programs waived fi:om using SI units shall use dual imits on 
drawings and documentation that support metric operations or interfaces [e.g.. 
Interface Control Document (ICD)]. Likewise, operational programs shall use dual 
units (soft metric) on new drawings or documentation that support metric opera- 
tions or inter&ces. Refer to sections VH! and IX for information on using dual 
units in drawings and documentation, respectively. 

1.7 TRAINING PERSONNEL TO USE SI 

Training employees to perform their responsibilities using SI should be done just 
before the employees will use the new knowledge on the job. Employees may 
require retraining if trained any earfier; and training too late may lead to addi- 
tional costs for employees to convert work already done improperly or in another 
measin*ement system. 
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1.8 APPLICABLE DOCUMENTS 


1.8.1 GOVERNMENTAL. 

Federal 

Executive Order 12770 Federal Register, Volume 56, No. 145, 

Metric Usage in Federal Government 
Programs 

National Institute of Stand ards and Technology (NIST) 

NIST Technical Note 1265 Guidelines for Realizing the Interna- 

tional Temperature Scale of 1990 

(rrs-90) 


U.S. General Seivif^ps Administration (GSA) 

Metric Design Guide 

National Stock Nmnher Guide to 
Commonly Used Metric Tools 

Standardization and Control of Indus- 
trial-Quality Tools 

U.S. Govomment Printing OflSce 

Style Manual 

National Aeronautics and Space A dministration (NASA) 

NMI 8010.2 Use of the Metric System of Measure- 

ment in NASA Programs 

Office of Space Flight Metric Transi- 
tion Plan 
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John F. Kennedy Space Center (KSC). NASA 
EMI 8010.2 


EHB 8010.2 
GP-435 

1.8.2 NONGOVERNMENTAL. 


Use of the Metric S 3 rstem of Measure- 
ment in KSC FacOities, Systems, and 
Equipment 

KSC Metric Transition Plan 
Engineering Drawing Practices 


American Narinnal Standards Institute (ANSI) 


ANSI B4.2 


Preferred Metric limits and Fits 


ANSI B4.3 


General Tolerances for Metric Dimen- 
sioned Products 


ANSI X3.50 Representations for U.S. Customary, 

SI, and Other Units To Be Used in 
Systems With Limited Character Sets 


American SodetY of Testing and Materials (ASTM> 


ASTM A6/A6M 


ASTMA53 
ASTM A325M 


ASTM A490M 


Standard Specification for General 
Requirements for Rolled Steel Plates, 
Shapes, Sheet Piling, and Bars for 
Structural Use 

Standard Specification for Pipe, Steel, 
Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless 

Standard Specification for High- 
Strength Bolts for Structural Steel 
Jmnts (Metric) 

Standard Specification for High- 
Strength Steel Bolts, Classes 10.9 and 
10.9.3 for Structural Steel Joints 
(Metric) 
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ASTM A615M 

Standard Specification for Pressure 
Vessel Plates, Carbon Sted, High 
Strength, for Moderate and Lower 
Temperature Service 

ASTM A616M 

Standard Specification for Rail-Steel 
Deformed and Plain Bars for Concrete 
Reinforcement 

ASTM A617M 

Standard Specification for Axle-Steel 
Deformed and Plain Bars for Concrete 
Reinforcement 

ASTM A706M 

Standard Specification for Flanges, 
Forged, Carbon and Alloy Steel for 
Low-Temperature Service 

ASTM A775M 

Standard Spedfication for Epoxy- 
Coated Reinforcing Steel Bars 

ASTM B88M 

Standard Spedfication for Seamless 
Copper Water Tube (Metric) 

ASTM B682 

Standard Specifications for Standard 
Metric Sizes of Electrical Conductors 

ASTM E380 

Standard Practice for Use of the In- 
ternational System of Units (SI) (the 
Modernized Metric System) 

ASTM E621 

Standard Practice for the Use of Met- 
ric (SD Units in Buildirrg Design and 
Construction 

TnB<if.nte of ‘Fnectrical and Electronics Engineers (IEEE} 

IEEE Std 260 

Standard Letter Symbols for Units of 
Measurement (SI Units, Customary 
Inch-Pound Units, and Certain Other 
Units) 

ANSI/IEEE Std 268 

American National Standard for Met- 
ric Practice 
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International Organization for Standardization (ISO) 


ISO 31 
ISO 1000 


General Principles Concerning Quan- 
tities, Units and Symbols 

SI Units and Recommendations for 
the Use of Thmr Multiples and Cer- 
tain Other Units 
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SECTION n 

SI UNITS AND SYMBOLS 


2.1 INTRODUCTION 

SI units are categorized into three classes: base units, supplementaiy units, and 
derived units. In this section, these units are described in their basic form. Refer 
to section m for information on the proper addition of prefixes to unit names. If a 
particular unit is not discussed in this section, it may not be an acceptable SI unit 
or temporary unit. In this situation, refer to appendix G for the conversion factor 
and the proper SI unit. 

2.2 DEFINITIONS 

The following definitions apply to the discussion of SI umts and symbols. 

a. Base Unit - A base unit is a unit from which other units are derived. 

Its (haracteristics and properties are not defibaed by any other umts. 

b. Derived Unit - A derived unit is a unit that is formed by combinii^ one 
or more base units, supplementary units, and/or other derived units into 
algebraic relations that link the corresponding quantities. 

c. SI Units - SI units are the basic measurement units comprising the 
International System of Units. These units indude the base, supple- 
mentary, and derived units along with thdr de cimal multiples and 
submultiples. 

d. Supplementary Unit - A supplementary unit is a dimensionless, derived 
unit which is used in definitions of other derived units and may be used 
or omitted for dimensionsal consistency. 

2.3 SI BASE UNITS 

In SI there are seven units upon which aU derived units are based: meter, 
kilogram, second, ampere, kelvin, mole, and candela. The base units and their 
symbols are summarized in table 2-1 and defined, in the following paragraphs, 
according to the CGPM. Refer to appendix G for the factors used to convert the 
replaced units to the SI units. 
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Table 2-1. Base Units 


Quantity 

SI Unit 

SI Symbol 

Units To Be 
Replaced With SI Unit 

length 

meter 

m 

inch, foot, yard, mile, rod, 
parsec, angstrom, chain, fermi, 
li^t year, astronomical unit, 
fiithom, micron, mil, pica, point 

mass 

kilogram 

kg 

pound, ounce, slug, grain, carat, 
ton 

time 

second 

s 

minute, day, hour, year 

electric cnirrent 

ampere 

A 

abampere, statampere, gilbert, 
EMU and ESU of current 

temperature 

kelvin 

K 

degree Fahrenheit 
degree Rankine 
degree centigrade 

amount of substance 

mole 

mol 

— 

luminous intensity 

candela 

cd 

candle, candlepower 


2.3.1 METER. The base unit of length is the meter (m), which is defined as ”the 
length of the path traveled by light in vacuum during a time interval of 1/299 792 
458 of a second" [17th CGPM (1983), Resolution 1]. The meter was originally 
defined by the 1st CGPM with an international prototype constructed so that it 
would be eqtial to 1/10 000 000 of the distance from the north pole to the equator 
along the meridian of the earth running near Dunkirk, France, to Barcelona, 
Spain. The word "meter" is derived firom the Greek word "metron," meaning "a 
measure." 


loiO’z 

I 


r 

1 METER I 

{' 

I 

\ 

1/299 792 458 OF A SECOND ^ 1 


2.3.2 KILOGRAM. The base unit of mass is the kilogram (kg). It is equal to the 
mass of the international prototype (artifiict) of the kilogram" [3rd CGPM (1901)]. 
The kilogram is the only unit that is still defined by an artifiict, which is a 
cylinder of platinumiriciium alloy that is kept by the International Bureau of 


2-2 
































KSC-DM-3673 


Weights and Measures (IBWM) near Paris, Prance. A duplicate of the artifact is 
in the custody of NIST and serves as the mass standard for the U.S. 

2.3.3 SECOND. The second (s) is the SI base unit of time. It is defined as "the 
duration of 9 192 631 770 periods of the radiation corresponding to the transition 
betv^een the two hyperfine levels of the ground state of the cesium- 133 atom” 
[13th CGPM (1967), Resolution 1]. The following graphic depicts a schematic 
«^ig £rr aTT^ of an atomic beam "dock" or spectrometer. The atoms whose magnetic 
itinmentg are "flipped" in the transition region reach the detector. After 9 192 631 
770 oscillations occur, the dock shows 1 second i>assed. 


TRANSITION REGION (CAVITY) OSCILLATING FIELD 



2.3.4 AMPERE. The SI base unit of electric current is the ampere (A). The 
ampere is defined as "that constant current which, if maintained in two straight 
parallftl conductors of infinite length, of nef^gible circular cross section, and 

1 meter apart in vacuum, would produce between these conductors a force 
eq ual to 2 X lO"^ newton per meter of length,” if the conductors were straight 
parallel conductors of infini te length, of ne^giUe circular cross section, and 
pl aced 1 meter apart in vacuum [Intemational Committee on Weights and 
Measures (abbreviated CIPM from official French name Comity International des 
Poids et Mesures) (1946), Resolution 2, approved by 9th CGPM (1948)]. 


1 A 




r 

FORCE = 2 X 10-7 N 

1 m 

\ 1 

i 

^-•-1 m—^ 

1A 


2.3.5 KELVIN. The base unit of thermodynamic temperature is the kelvin (K), 
which is "the firaction 1/273.16 of the thermodynamic temperature of the triple 
point of water" [13th CPGM (1967), Resolution 4]. Note that the degree symbol (®) 
is not used in the abbreviation for kelvin. 
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2.3.6 MOLE. The base unit of amount of substance is the mole (mol). One mole 
is "the amount of substance of a system whidi contains as many elementary 
entities as there are atoms in 0.012 kilogram of carbon 12. When the mole is 
used, the elementary entities mtist be specified and may be atoms, molecules, ions, 
electrons, other particles, or specified groups of such particles" [14th CGPM 
(1971), Resolution 3]. 

2.3.7 CANDELA. The candela (cd), pronounced can-DELL-a (the final a as in 
about), is the base \init of luminous intensity. It is defined as "the luminous 
intensity, in a given direction, of a source that emits monochromatic radiation of 
fiequency 540 x 10^ hertz and that has a radiant intensity in that direction of 
(1/683) watt per steradian" [16th CGPM (1979), Resolution 3]. 



2.4 SI SUPPLEMENTARY UNITS 

There are two supplementary SI units: radian and steradian. These units are 
ratios derived firom lengths or areas and are therefore dimensionless. They are 
used primarily in lighting work and engineering calculations. The supplementary 
units are stunmarized in table 2-2. 


Table 2-2. Supplementary Units 


Quantity 

SI Unit 

SI Symbol 

' ' 

Unit To Be 

Replaced 'With SI Unit 

plane angle 

radian 

rad 

degree 

solid angle 

steradian 

sr 

steradian 


2.4.1 RADIAN. A radian (rad) is the plane an^e measurement between two radii 
of a drde which cut off an arc on the circumference equal in length to the radius. 



1 radian 
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2.4.2 STERADIAN. A steradian (sr) is the solid ang^e measurement with its 
vertex in the center of a sphere that cuts ofif an area of the spherical surface equal 
to that of a square with sides equal in length to the radius of the sphere. 



2.5 SI DERIVED UNITS 

Derived are those units that are formed by co mbining base units, supple- 
mentary units, and other derived umts according to algebraic relations link i ng the 
corresponding quantities. The symbols are expressed using e:q>onents and 
mfltihPTnaijftfll signs for multiplication and division (e.g., m/s or m-s'*). Derived 
units are also depicted in terms of other derived units (e.g., J = N*m). The derived 
units are detailed in the following paragraphs and summarized in table 2-3. Refer 
to appendix G for the factors used to convert units to SI units. 

2.5.1 HERTZ. The hertz (Hz) is the SI unit for frequ^cy, which is the number of 
rimAg that a periodic phenomenon occiurs dining a period of 1 second. 

2.5.2 NEWTON. The SI unit for force is the newton (N). The newton is defined 
as the force that is applied to a body or object, which has a mass of 1 kilogram, 
that gives the object a linear acceleration of 1 meter per second squared (m/s*). 

2.5.3 PASCAL. The pascal (Pa), pronounced PASS-cal (rhymes with rascal), is 
tliA SI unit for pressiure or stress. The pascal is equal to a 1-newton force applied 
over an area of 1 square meter (m*). 

2.5.4 JOULE. The SI unit for energy, work, or a quantity of heat is the joule («J), 
pronounced JOOL (rhymes with tool). The joule is defined as the energy expended 
during the application of a 1-newton force that causes a body to rotate or move 
about a point of rotation and in the direction of the force a dis t anc e of 1 meter. 

2.5.5 WATT. The watt (W) is the SI unit for power, which is the production of 1 
joule of energy during 1 second. 
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Table 2-3. Derived SI Units With Spedal Names 


Quantity 

SI Unit 

SI 

Symbol 

Formula 

Units To Be 
Replaced A^th SI Unit 

frequency 

hertz 

Hz 

1/s 

(ydes per second 

force 

newton 

N 

kg*m/s^ 

dyne, pound-force Gbf), 
poundal (pdl), kilopound 
(kip) (1000 Ibf), ton-force 
(2000 Ibf), kilogram-force 
(kgf), kilopond (kp) 

pressure/stress 

pascal 

Pa 

N/m* 

pound per square inch 
(psi) or square feet (psf)> 
kip per sqiiare inch (ksi), 
bar, torr, atmosphere, 
inch or millimeter of 
mercury (inHg, mmHg), 
inch of water (inH 20 ) 

enei^/work/ 
quantity of heat 

joule 

J 

N*m 

British thermal unit 
(Btu), erg, calorie, 
electronvolt, foot-poxmd, 
kilowatthour, therm, 
watt-hour, watt-second, 
ton 

power/heat flow 
rate 

watt 

W 

J/s 

Btu per hour (Btu/hr), 
calorie per minute or 
second, horsepower, 
foot-pound per hour or 
per minute or per 
second, ton of 
re&igeration 

quantity of 
electricity/ 
electric charge 

coulomb 

C 

A-s 

abcoulomb, ampere hour, 
faraday, statcoulomb 

electric 

potential 

volt 

V 

W/A 

abvolt, statvolt, EMU 
and £SU of electric 
potential | 

capacitance 

farad 

F 

C/V 

abfarad, statfarad, EMU 
and ESU of capacitance 
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Table 2-3. Derived SI Units With Special Names (cont) 


Quantity 

SI Unit 

SI 

Symbol 

Formula 

Units To Be 
Replaced With SI Unit 

resistance 

ohm 

Cl 

V/A 

abohm, statohm, EMU 
and of resistance 

conductance 

siemens 

S 

A/s 

mho, abmho, statmho, 
EMU and ESU of 
resistance 

magnetic flux 

weber 

Wb 

V-s 

maxwell, unit pole 

magnetic flux 
density 

tesla 

T 

Wb/m=* 

gamma, gauss 

inductance 

henry 

H 

Wb/A 

abhenry, stathenry, 
EMU and ESU of 
inductance 

temperature 

degree 

Celsius 

°C 

K - 273.15 

degree Fahrenheit, 
degree Rankine 
degree centigrade 

luminous flux 

lumen 

Im 

cd-sr 

— 

illuminance 

lux 

lx 

Im/m* 

footcandle, lumen per 
square foot 

activity (of a 
radionuclide) 

becquerel 

Bq 

1/s 

curie 

absorbed dose 

gray 

Gy 

J/kg 

rad 

dose equivalent 

sievert 

Sv 

J/kg 

rem 


2.5.6 COULOMB. The coulomb (C) (pronounced KOO-lomm), the SI unit for 
electric charge, is the quantity of electricity transported by a current of 1 ampere 
diuhig 1 second. 


2.5.7 VOLT. The SI unit for electric potential difference and electromotive force 
is thft volt (V). The volt is defined as the difference of electric potential between 
two points of a conductor carrying a constant current of 1 ampere when the power 
dissipated between these points is equal to 1 watt. 
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2.5.8 FARAD. The &irad (F), the derived imit for electric capacitance, is the 
capacitance between the two plates of which there appears a potential difference 
of 1 volt when it is chained by a quantity of electricity equal to 1 coulomb. 

2.5.9 OHM. The ohm (£2) is the SI unit for electric resistance. An ohm is the 
electric resistance between two points of a conductor with a constant potential 
difference of 1 volt applied between these two points producing a current of 1 
ampere in the conductor (this conductor not being the source of any electromotive 
force). 

2.5.10 SIEMENS. The unit for electrical conductance, the siemens (S) [pro- 
nounced SEE-mens (same as seamen’s)], is the electric conductance of a conductor 
across which an electric potential difference of 1 volt produces a current of 1 
ampere. 

2.5.11 WEBER. The weber (Wb), the unit used for the flux of magnetic induction, 
is the magnetic flux produced in a dosed drcuit equal to an electromotive force of 
1 volt as it is reduced to zero at a \miform rate in 1 second. 

2.5.12 TESLA. The SI imit tesla (T) represents the magnetic flux density or 
magnetic induction that is given by a magnetic flux of 1 weber over an area of 1 
square meter. 

2.5.13 HENRY. The henry (H) is the unit for electric inductance, which is the 
inductance of a dosed drcuit in which is produced an electromotive force of 1 volt 
when the electric current in the circuit varies at a uniform rate of 1 ampere each 
second. 

2.5.14 DEGREE CELSIUS. The degree Celsius (**0 is a derived unit for tempera- 
ture that is often used in everyday applications. One degree change in tempera- 
ture is the same in both the Celsius and kelvin scales. Cdlsius temperature 
(symbol t) is defined by the following equation, where, by definition, T is the 
thermodynamic temperature (in kelvin) and = 273.15 E. 

t = T-T„ 

The term centigrade, the former name for the Celsius scale, is obsolete and shall 
not be used. When extreme predsion with temperature measurements is re- 
quired, the International Temperature Scale shall be recognized (refer to NIST 
Technical Note 1265). 

2.5.15 LUMEN. The SI unit for luminous flux is the lumen (Im). A lumen is 
defined as the luminous flux emitted in a solid angle of 1 steradian by a point 
source that has a unif orm intensity of 1 candela. 
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2.5.16 LUX. The \vx flx), the SI unit for illuminance, is the illiuninance produced 
by a luminous flux of 1 lumen uniformly distributed over a surface area of 1 
square meter. 

2.5.17 SPECIAL DERIVED SIUNTTS. The following paragraphs describe three 
special derived units used for radioactivity: the becquerel, the gray, and the 
sievert. 

2.5.17.1 Becquerel. The becquerel (Bq) is the derived SI unit for activity, particu- 
larly that, of a radionuclide. A becquerel is the activity decaying at the rate of 1 
spontaneous nuclear transition x>€r second. 

2.5.17.2 Gray. The unit gray (Gy) is the absorbed dose of radiation when the 
tombing radiation imparts to matter a quantity of energy equal to 1 joule per 
kilogram. The gray is also used for the ionizing radiation in quantities of specific 
energy imparted, kerma, and absorbed dose index. 

2.5.17.3 Sievert. A sievert (Sv) is the dose equivalent when the absorbed dose of 
inni-^Tig radiation (in terms of the unit gray) is multiplied by a dimenaonless 
quality factor Q and the product of any other multiplying factors N, stipulated by 
the International Commission on Radiological Protection, and is equal to 1 joule 
per kilogram. 

2.6 OTHER DERIVED QUANTITIES 

It is not practical to list every possible derived unit in terms of SI units. Derived 
units are easily obtained by appl 3 dng the conversion factors to the non-SI units. 

For example, converting a rate of inches per second to centimeters per second 
requires only to apply the conversion factor relating inches to centimeters. Table 
2-4 lists of the more common derived quantities and th^ units in SI. Refer 
to section VI for information on conversion practices and to appendix G for 
conversion factors. 

2.7 OTHER UNITS IN USE WITH SI 

2.7.1 UNITS RETAINED FOR PRACTICALITY. Because of unit conventions 
already established in daily life or specialized fields of work or study, SI units may 
not always be the most practical choice. The following paragraphs explain the 
non-SI units that are acceptable alternatives to the SI units and are summmized 
in table 2-5. Use of these terms shall be limited to the situations described in this 
section so as to minimize the use of iinits firom other systems and to preserve the 
advantages of SI as a coherent system. See section XI for a discussion on particu- 
lar applications. 
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Table 2-4. Other Derived Units 


Quantity 

Definition 

Formula 

wave number 

1 per meter 

m-^ 

current density 

ampere per square meter 


magnetic field strength 

ampere per meter 

A/m 

concentration (amount of a sub- 
stance) 

mole per cubic meter 

mol/m^ 

specific volume 

cubic meter per kilogram 

m^/kg 

luminance 

candela per square meter 

cd/m* 

dynamic viscosity 

pascal second 

Pa-s 

moment of force 

newton meter 

N-m 

surface tension 

newton per meter 

N/m 

heat flux density, irradiance 

watt per square meter 

W/m^ 

heat capacity, entropy 

joule per kelvin 

J/K 

specific heat capacity, specific 
entropy 

joule per kilogram kelvin 

J/(kg-K) 

specific energy 

joule per kilogram 

J/kg 

thermal conductivity 

watt i>er meter kelvin 

W/(m-K) 

eneigy density 

joule per cubic meter 

J/m^ 

electric field strength 

volt per meter 

V/m 

electric charge density 

coulomb per cubic meter 

C/m^* 

electric fltix density 

coulomb per square meter 

C/m" 

permittivity 

£auad per meter 

FAn 

permeability 

henry per meter 

H/m 

molar energy 

joule per mole 

J/mol 

molar entropy, molar heat capacity 

joule per mole kelvin 

J/(mol-K) 
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Table 2-5. Other Units in Use >A^th SI 


1 Quantity 

Unit 

Symbol 

Definition 

time 

minute 

min 

1 min = 60 s 


hour 

h 

1 h = 3600 s 


day 

d 

Id = 86 400 s 

plane angle 

degree 

o 

V = (x/180) rad 


minute 

/ 

r = (1/60)® = (tc/ 10 800) rad 


second 

/f 

r = (1/60)' = (ji/648 000) rad 

area 

hectare 

ha 

1 ha = 1 hm* = 10^ m* 

volume 

liter 

L* 

1 L = 1 dm® = 10-® m® 

mass 

megagram 

Mg 

lMg = 10*g 


* The CGPM has also approved the lower case 1 as an alternate symbol for liter. 
But, since 1 may be easily confused with the number 1, only the upper case L is 
recommended for use in the U.S. See section V for symbols in international 
usage. 

2.7.1.1 Time. The second is the preferred unit for time, particularly for technical 
calculations, and should be used when practical. Where time is in relation to life 
customs or calendar cycles, other units may be necessary, like minute, hour, day, 
week, etc. For example, vehicle speed is in terms of kilometers per hour. Note 
that Ihe symbol for hour is h, not hr. 

2.7.1.2 Plane Angle. The SI unit for plane angle is radian. The use of radians 
may not be as convenient or practical as the degree (**). Decimal submultiples of a 
degree (e.g., tenths, hiindredths, etc.) shall be used instead of minutes (0 and 
seconds O, except in the field of cartography and other specialized areas. 

2.7.1.3 Area. In SI, the preferred tinit for area is the square meter (m*). It may 
be necessary to describe veiy large or very small areas in terms of another 
multiple or submultiple of meters. See 11.2.2 for particular applications and the 
appropriate multiple. 

2.7.1.4 Vnliime, The cubic meter (m®) is the preferred volume unit in SI. A 
submultiple of the cubic meter, such as cubic centimeter (cm^) and cubic decimeter 
(dm^), may be more convenient. Instead of the cubic decimeter, tiie liter (L) may 
be used but only for volumetric capacity, dry measure, or measures of fluids 
(liqioids and gases). Only the prefixes milli- and micro- should be used with liter 
(e.g., nuUiliter, microliter). Use the cubic meter (m®), and not the liter, for 
precision measurements. See 11.2.3 for particular applications for volume units. 
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2.7.1.5 Mass . The SI unit for mass is kilogram. The term "ton” should not be 
used so as to avoid confusion between long ton (2240 poimds), short ton (2000 
pounds), and metric ton (1000 kg). Large masses should be expressed in mega- 
gram (k%), which is equivalent to the metric ton. The metric ton (without a 
prefix) shoiild only be used in commercial applications. See 11.2.4 for specific 
applications for mass units. 

2.7.1.6 Weight . When using non-Sl units, the distinction has to be made as to 
whether the term pound denotes mass Gb) or force Gbf). In SI, there are distinct 
units for mass and force, the kilogram and the newton, respectively. The term 
"weight" can mean either "mass" or "force," depending on the application. In 
nontechnical situations, weight usiiaUy means mass or the amount of a substance 
regardless of the effects of gravity. The mass imit of kilogram is used to indicate 
such measurements as a person's weight, a quantity of a food product, or an 
amount of construction material (e.g., concrete, rebar, etc.). In scientific and 
technological situations, the term "weight” usually indicates an applied force that 
gives a body an acceleration, in the direction of the earth's c^ter, equivalent to 
the local acceleration of fi*ee fall or acceleration due to gravity. 

2.7.1.7 Load/Force , like the term weight, the tenn load can mean either mass or 
force. If the load is acting on a mass or body as a result of the vertical (down- 
ward) force of gravity, it can be expressed in kilograms. All other loads are 
expressed in newtons. 

2.7.2 UNITS TEMPORARILY IN USE WITH SL In some cases, non-SI units 
currently used in certain areas continue to be used on a temporary basis and shall 
be limited to the situations summarized in table 2-6. 

2.7.2.1 Energy . The SI unit for energy is the joule. The use of the kdlowatthour 
(kW*h) may be used but only with respect to dectrical energy and shall not be 
introduced into any new applications. See 11.2.13 for finiiier discussion on the 
applications for energy units. 

2.7.2.2 Pressure and Stress . The SI unit of pressure is pascal. Units using the 
kilogram-force (kgf) unit shall not be used (e.g., kg^m^). Although its use is 
strongly discouraged, the unit bar (bar) may be us^ The millibar (mbar) remains 
in use temporarily in the meteorological profession, but reporting to the public 
should be in kilopascals (kPa). See 11.2.11 for additional discussion and 
applications for variotis pressure units. 
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Table 2-6. Units Temporarily in Use With SI 


Quantity 

SI Unit 

Temporary 

Unit 

Symbol 

Definition 

cross-sectional 

area 

square meter 
(m^) 

bam 

b 

= 10 “ m* = 100 fin* 

pressure 

pascal (Pa) 

bar 

bar 

= 10® Pa = 0.1 MPa 

activity (of a 
radionudide) 

becquerel (Bq) 

curie 

Ci 

= 3.7 X 10“ Bq 

exposure (X and 
gamma rays) 

coulomb per 

kilogram 

(C/kg) 

roentgen 

R 

= 2.58 X 10-* C/kg 

absorbed dose 

gray (Gy) 

rad 

rd 

= 0.01 Gy = 10 mGy 

dose equivalent 

sievert (Sv) 

rem 

rem 

= 0.01 Sv = 10 mSv 


2.7.3 UNITS RETAINED FOR SPECIALIZED FIELDS. Table 2-7 shows units 
that are retained for use in specialized fields. 


Table 2-7. Units Retained for Specialized Fidds 


Quantity 

Unit 

Symbol 

Definition 

energy 

electronvolt 

eV 

= 1.602 192 7 X 10 “ J 

mass (of an atom) 

atomic mass unit 

u 

= 1.660 565 5 X lO'^’ kg 

length 

astronomic unit 

AU* 

= 1.495 979 X 10“ m 

length 

parsec 

pc 

= 3.085 678 X 10“ m 


* UA in French, no international S 3 mabol 


2.8 DISCONTINUED AND MISCELLANEOUS UNITS TO AVOID 

2.8.1 CENTIMETER-GRAM-SECOND (CGS) UNITS. Units that are based on the 
centimeter-gram-second (cgs) version of the metric ^stem are discontinued and 
shall not be used. The list of these units includes the erg, d 3 me, gal, poise, stokes, 
stilb, lambert, phot, gauss, oersted, maxweU, gilbert, biot, and electrostatic and 
electromagnetic units (i.e., ESU and EMU) of capacitance, of current, of electric 
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potential, of inductance, and of resistance. Refer to appendix G for &ctors used to 
convert discontinued units to proper SI units. 

2.8.2 UNIT NAMES WITH NON-SI PREFIXES. Any unit using non-SI prefixes, 
sudi as ab- and stat- (e.g., abohm, statampere, etc.), shall be avoided. Refer to 
appendix G for the appropriate conveimon fiictors. 

2.8.3 SPECIAL NAMES. Metric units and submultiples that exhibit special 
names not reflecting correct SI prefixes or base units shall not be used. A list of 
these units includes the angstrom, fermi, are, micron, millimicron, gamma, mho, y, 
X, candle, and candlepower. Refer to appendix G for the appropriate unit names 
and conversion i&ctors to be used instead. 

2.8.4 MISCELLANEOUS UNITS. There are other units previously used that are 
not to be used in SI. Some of these units include the calorie, grade, kilogram-force 
(kg|), lan^ey, torr, metric carat, metric horsepower, millimeter of mercury, 
millimeter (centimeter or meter) of water, standard atmosphere, and technical 
atmosphere. Refer to appendix G for the conversion factors for these and other 
miscellaneous units. 

2.9 NOMINAL DIMENSIONS 

Currently, there are no eqtaivalent SI dimensions for many commonly used 
nominal dimensions (e.g., 2 by 4). Since a nominal dimension is not an exact 
measure of an item's dimension, several situations may occur: (1) the "name" may 
remain the same with the actual dimension soft converted; (2) a new metric 
"name” may replace the old nominal designation with no physical change to the 
item; or (3) the item may eventually be redesigned to meUic dimensions and 
carry a new "name." Until it is determined what designations some items will 
carry, it is recommended that the commonly used nominal designation be referred 
to along with the soft-converted dimensions of the item to avoid confusion. Refer 
to 9.5.3 for guidelines in specifying nominal sizes in technical writing situations. 

2.10 DIMENSIONLESS QUANTITIES - RATIOS AND INDEXES 

Many quantities are dimensionless and do not reflect a i)articular unit. These 
quantities are usually ratios or indexes (e.g., permeabilily, refiractoiy index, etc.) 
and are represented by pure numbers resulting firom ratios between two quantities 
of the same units [e.g., meter per meter (mAn)], which may be expressed by the 
number 1. These numbers are the same regardless of the measurement S 3 rstem 
used. Other examples of dimensionless quantities unchanged for SI are relative 
humidity (RH), specific gravity, decibel (dB), and per hydrogen (pH). Dimension- 
less expressions for certain decimal firactions, like "percent,” "parts per thousand," 
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nnH "parts per million" are commonly used, but may be misunderstood (see 4.4.3). 
It is preferred that proper exponential forms of these fi:actions be used. 


Examples: 60 x 10'* 
45.3 X 10-® 

1.2 X 10-« 


not: 60 percent 

not: 45.3 parts per thousand 

not: 1.2 parts per million 
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SECTION m 

SI PREFIXES AND DECIMAL SUBMULTIPLES 

This section describes the SI prefixes and provides discussion on the proper 
selection and attachment of the prefixes to the SI units. 

3.1 DEFINITIONS 

The following definitions apply to the topic of SI prefixes. 

a. Multiple - A multiple is a number that is larger than a base number. 
The multiple is obtained by multiplying the base number by a specific 
quantity or factor. Since SI is a decimal system, the specific factor is 
10 . 

b. SI Prefix - An SI prefix is any of the 20 two-syllable prefixes approved 
to be attached to the beginning of an SI unit to show how much larger 
or smaller a value is compared to the base unit. 

c. Submultiple - A submultiple is a fiiaction or multiple of a base (or 
derived) unit that is obtained by multiplying or dividing by a factor that 
is an exact divisor of the base unit. 

3.2 USE OF A PREFIX 

Prefixes are added to SI base, supplementary, and derived units to indicate how 
much larger or smaller a value is compared to the base unit. Eadi prefix repre- 
sents a specific magnitude as a power of 10 (e.g., 10®, 10"*, etc.) times that of the 
base unit. There are 20 prefixes that can be used to form decimal multiples and 
sulmxultiples. Each prefix also has a one- or two-character ^nnbol used with a 
unit symbol. Table 3-1 lists all of the SI prefixes and thdr S 3 nnbols. Prefixes not 
listed in the table shall not be used- Table 3-1 also lists the proper pronunciations 
for each prefix. Note that in every case, the first syUahle of each prefix is the 
syllable stressed. When the prefix is attached to a unit name, the first syllable 
remains the syllable with the greatest stress, never the second syllable. For 
example, the unit "kilometer" is pronounced "KlLL-oh-mee-ter," and not "kill-AH- 
ma-ter." Refer to section IV for rules on style and usage of applying prefixes and 
prefix symbols. 
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3.3 ATTACHMENT OF PREFIXES 

Prefixes are never used by themselves to represent unit names. A prefix is 
attached directly to the unit name without a space or hyphen betw^n the prefix 
anH the base unit. Usually, no changes occur to the prefix or the unit name before 
combimng. 


Examples: megawatt 

not: 

mega watt or mega-watt 

Tnininhm 

not: 

milli ohm or miUi-ohm 

kilogram 

not: 

kilo 


When prefix ends with a vowel and the unit name begins with a vowel, both 
vowels are retained and pronounced, as shown in the previous examples. The only 
exception to this rule is that the last vowel of the prefix is dropped to form the 
following three unit names: 

megohm not: megaohm 

kilohm not: kiloohm 

hectare not hectoare 

Only one prefix may be attached to a base umt name at any one time. Multiple 
pre^es are not permitted. 

’P.-yampIps ^ nanometer (nm) not: micr omillime ter (pmm) 

picofarad (pF) not micromicrofarad (ppF) 

If values are outside the range covered by prefixes (i.e., greater than 10“ and less 
fhaTi 10'“), use powers of ten with the base unit and no prefix. 

Example: 135.6 x 10'” seconds not 135.6 milliyoctoseconds 

or 

135.6 X lO"® yoctoseconds 

3.4 SELECTION OF THE PROPER PREFIX 

When used properly, prefixes indicate orders of magnitude, elimin ate nonsignifi- 
cant digits and leadi^ zeros in decimal firactions, and provide convenient alterna- 
tives to the power-of-ten notation. 

The proper prefix should be selected so that the value preceding the unit name or 
symbol is between 1 and 1000. The prefix is attached in its entirety to the 
beginning of the unit name. 
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Example: Write "5 000 000 newtons" with the proper prefix. 


a. Rewrite ”5 000 000" so the number &Us between 
1 and 1000 multiplied by a power of 10: 

b. From table 3-1, select the prefix that means 10^: 

c. Attach the prefix directly to the beginning of the 
unit name: 


5.0 X 10® 
mega 

meganewton 


Answer: 


5.0 meganewtons 


Example: Write "0.000 000 075 second" with the proper prefiix. 


a. Rewrite "0.000 000 075" so the nmnber falls between 

1 and 1000 multiplied by a power of 10: 75.0 x 10'® 

b. From table 3-1, select the prefix that means 10*®: nano 

c. Attach the prefix directly to the beginning of the 

tmit name: nanosecond 


Answer: 


75.0 nanoseconds 


In tables of values of tdie same quantity (e.g., lengths, pressures, etc.) or in a 
discussion of such values within a given context, it is preferred that the same unit 
multiple be used throughout even though some values may end up outside the 
range 1 to 1000. hi some cases, standard conventions for measurements dictate 
the magnitude of tiie unit used, such as using only millimeters in engineering 
drawings, which results in numbers much greater than 1000. Otherwise, use the 
prefix that is the most prevalent in the particular table. 


Example: 


Length 

(milliineters) 

Pressure 

Gdlopascals) 

250 

20.70 

25 325 

13.65 

1 060 

0.02 

460 

0.03 

700 

1.84 


3-4 




KSC-DM-3673 


3.5 PREFIX SYMBOLS 


Prefix symbols are either upper case or lower case as shown in table 3-1. Prefix 
symbols are upper case for those representing magnitudes greater than 1 000 000. 
The prefixes representing magnitudes less than 1 000 000 are in lower case. 
Attachment of prefix symbols follows the same rules as the attachment of the 
whole prefix (see 3.3). 

3.6 PREFIXES WITH THE UNIT OF MASS 


Tn SI, the base unit kilogram already contains a prefix. Instead of adding another 
prefix to "kilogram," the mass unit miiltiples and stibmultiples are formed by 
removing the prefix kilo and adding the correct prefix to "gram” (g). 

Example: Write "1200 kilograms" with the proper prefix. 


a. Convert the prefix "kilo" to its niunerical equivalence: 

b. Multiply "1 200" by the answer in a.: 

c. Rewrite "1 200 000" so the number falls between 
1 and 1000 multiplied by a power of 10: 

d. From table 3-1, select the prefix that means 10®: 

e. Attach the prefix to the beginning of "gram": 


1000 

1 200 000 

1.2 X 10® 

mega 

megagram 


Answer. 


1.2 megagrams 


3.7 COMMONLY USED PREFIXES 

For eveiyday usage, the most commonly used prefixes are kilo (10®), centi (10 ®), 
anH mini (lO'®). For example, mileage is in kilometers per hour, nutritional 
information of food packaging is in grams and milligrams, and body measurements 
are in centimeters. In the scientific and technical arenas, additional prefixes most 
often used include giga (10®), mega (10®), micro (10"®), and nano (10*®), as in 
gigawatt, megapascal, micrometer, and nanosecond, respectivdy. 

Generally, the prefixes centi (10*®), ded (10*^), deka (10^), and hecto (10®) are 
avoided in tedinical writing except in describing areas (e.g., square centimeters) 
and volumes (e.g., cubic decimeters), human characteristics (e.g., body measur^ 
ments, clothing sizes, etc.), and furnishings. Use of these prefixes may result in 
excessive use of decimals. 
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SECTION IV 
STYLE AND USAGE 

4.1 INTRODUCTION 

The tisage of units and their symbols was determined by international agreement. 
Attention must be given to the proper use of the symbols to maintain quahty 
<»mmTnnT>iratinnR within the U.S. and in international business. This section 
provides reading and writing rules for SI units. 

Even several options are available to express some of the rules, for 

consistency, efforts should be made to select and use only one method throughout 
an entim document, drawing, or project. All rules explained in sections H and HI 
apply when implementing the practices in this section. 

4.2 UNIT NAMES AND SYMBOLS 

4.2.1 CAPITALIZATION. A unit name, even if it is named after a person, is 
treated lilte a common noim when it is spelled out whereby the umt is capitalized 
only when it is the first word in the sentence or when it appears with other 
cajntalized groups of words (e.g., part of a title). An exception to this rule is that 
"Celsius" in the unit "degree Celsius" is always capitalized because the unit is 
"degree" and "Celsius" is only a modifier for the unit name. 

Examples: Meter is the unit for length. 

The unit for length is meter. 

See the figure "Learning About Meters." 

NOTE: ALL DIMENSIONS ARE IN MILLIMETERS. 

When the unit name is derived from a proper name, the first letter of the symbol, 
not the name, is capitalized. All other letter unit symbols are always in the lower 
case except for the unit "liter," whose symbol is the "L," and symbols for Greek 
letters. 

Examples: Symbol Unit name 

Pa pascal (afl«r B. Pascal) 

W watt (after J. Watt) 

cd candela 

L Hter 
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4.2.2 FLURALIZATION. Unit stames are pluxalized according to standard rules 
n fRnglifih grammar. For all numbers greater than 1.0, use a pliual unit name. 
For all decimal numbers less than 1.0, use the singular form of the unit name . 


Examples: 0.5 henry, 3.2 henries 

1.0 meter, 10.0 meters 

Three irregular plurals whose unit names are the same in singula r and plural 
forms are lux, siemens, and hertz. 

Examples: 0.02 lux, 1.02 lux 

0.75 siemens, 7.75 siemens 
1 hertz, 15 hertz 


Unit symbols are the same whether they are gin giilar or plural. Never add an s to 
make a symbol plural; it may be mistaken for the symbol for second. 

Example: The crane capacity not: The crane capacity 

is 3000 kg. is 3000 kgs. 

4.2.3 ABBREVIATIONS. Each unit has a designated abbreviation or symbol 
The symbols for the basic, supplementary, and derived units are in section II with 
eadi unit's description and listed in tables 2-1 through 2-7. No other abbrevia- 
tions «ha11 be used except for situations that require the use of limited character 
sets (information processing) where computers are used to communicate with 
other computers. (See section X.) 

Special names and shortened forms of the unit names that are not the designated 
symbols shall not be used (see 2.8.3). For example, only the symbol "A" is to be 
used for the imit ampere, never "amp." 


A unit symbol is never followed with a i>eriod unless it is part of the normal 
sentence punctuation. 


Examples: The satellite orbit is at 

140 km above the earth, 
or. 

The altitude of the satellite's 
orbit is 140 km. 


not: The satellite orbit is 

at 140 km, above the 
earth. 
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4.2.4 APPEARANCE. Unit symbols shall be printed in an upri^t, nonitalic, 
Roman-style type regardless of the surrounding text type style. 

Example: The resistance was 60 Q. 

The current changed from 300 mA to 600 mA. 

Write out the unit name if there is no preceding ntunber or value. A unit symbol 
ghall not be used alone. It is preferred that unit symbols instead of unit names be 
used with numbers. For example, "60 kg" is preferred to "60 kilograms.” 

Example: The mass was measured not: The mass was measured 

in kilograms. in kg. 

4.2.5 GREEK SYMBOLS. The unit for resistance is the ohm, abbreviated with 
the symbol £2, the Greek letter omega. The prefix for one millionth (10"*) is micro, 
which is also abbreviated by a Greek letter, mu (p). When typing the Greek letter 
is not possible, the unit name should be spelled out in fiill. The Greek letter name 
never replaces the symbol. See section X for acceptable symbols and abbreviations 
to use when Greek letters are not available in keyboard applications. 

Examples: The resistance measured not: The resistance measured 

was 1 nhm. was 1 omega, 

or 

The resistance measured 
was 1 Q. 

The paint thickness 
shoiald be 3 micrometers, 
or. 

The paint thickness 
should be 3 pm. 

4.2.6 ATTACHMENTS. Letters Eire never attached to unit symbols to give 
additionsd information about a quantity. Instead, the cla rifi ca t ion may be spelled 
out in parentheses following unit symbol. 

Examples: MW (electrical jwwer) 

V(ac) 

V(dc) 

kJ (thermal energy) 
kPa (gage) 
kPa (absolute) 


not: 

MWe 

not: 

VAC or Vac 

not: 

VDC or Vdc 

not: 

kJt 

not: 

kPsig 

not: 

kPaa 


not: The psiint thickness 

should be 3 mum. 
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In some cases, there are no equivalent abbreviations in SI for inch-pound units 
(e.g., psia, psig). The same meaning may be conveyed by rephrasing the sentence 
as shown in the following examples: 

Examples: ”... at a gage pressure of not: ... at 10 kPag ... 

10 kPa ..." 

"... at an absolute pressure of not: ... at 10 kPaa ... 

10 kPa ..." 

4.3 COMPOUOT UNIT NAMES AND SYMBOLS 

4.3.1 PRODUCTS. The multiplication of two or more unit names is indicated by 
a space (preferred) or hyphen between the unit names. An exception to this rule 
is "watthour" (no space, no hyphen). 


Examples: newton meter or 

not: newtonmeter 

newton-meter 


pascal second or 

not: pascalsecond 

pascal-second 



A raised dot (•) is used to show a product for unit symbols. For computers and 
other keyboard (lypewriter) applications that are not capable of raising a dot, a 
dot on the line (period) is acceptable (see section 

Examples: N-m for newton meter 

Pa-s for pascal second 

4.3.2 QUOTIENTS. Units formed by dividing one or more units with other units 
are written by spelling out the entire unit. The division symbol, the slant (/), 
which is spoken as "per," is always spelled out when the unit names are spelled 
out. The abbreviation "p" for "per" shall not be used. The slant is used only with 
unit symbols. Combinations of full unit names and symbols are not correct. 

Examples: watt per square meter not: watt/square meter 

km/h not: lq>h or kmph 

A slant (/), a horizontal line, or negative exponents are used to indicate quotients 
when usiag unit symbols. Do not use more than one slant in the expression 
unless parentheses are inserted for darity. 

m 

Examples: m/s or m-s or s 

J/(mol-K) or J-mol'^-K'^ not J/mol/K 

or (J/mol)/K 
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Ratios of two like quantities (e.g., length) should be expressed in the same umts 
with the Raine prefixes. Exceptions to this are in those cases where the unit is 
defined by industry standards. See section XI for specific situations us ing ratios. 

Examples: 0.06 m/m not 60 mm/m 

0.02 mVm* not 20 000 mmVm* 

4.3.3 POWERS. The modifiers "squared” and "cubed" are placed before the unit 
name for area and volume units. 

Examples: The volume is 1 cubic meter. 

The area covered was 30 square millimeters. 

The mass per uni t area is in kilograms per square meter. 

These modifiers are placed after the unit name for all other units. Symbols should 
be used whenever possible to avoid confusion. 

Example: The car is accelerating at 10 meters per second squared. 

ETponent s attached to a symbol with a prefix are understood to raise the prefix to 
fJiA ggmA power. The exponent is shown immediatdy following the imit symbol 
without a space between. 

Examples: 1 cm® = (1 x 10'® m)® = lO"* m® not: (1 x 10®) m® 

7.0 X 10'® m® not: 7.0 x lO'® m ® 

4.3.4 FORMULAS. Expressions using symbols for mathematical functions (e.g., 

+, X, etc.) are separated on both sides by spaces. 

fbmmple: 3.0 x 10® kg not: 3.0x10® kg 

4.3.5 COMBINATIONS OF UNIT NAMES AND SYMBOLS. Donotmiximt 
namAR nnH symbol nam es in the Same expression. Either spdl out the entire umt 
or use only symbols. 

Examples: J/kgorJ-kg'^ not: joules/kg or J/kilogram or 

jouleS'kg'^ or J*kilogram'^ 
or jotiles-kilogram'^ 

joules per kilogram not: joules/kilogram 
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4.4 NUMBERS 


4.4.1 APPEARANCE. A number is never spelled out if it is a measurement value. 
Fractions are never used. Instead, the number shall be shown as a decimal. The 
terms like "half," "third," and "quarter" are acceptable when ^oken but the 
number must always appear as a decimal when written. 

Examples: 4 seconds not: four seconds 

0.5 millimeter not: millimeter or 

one half millimeter 


4.4.2 DECIMAL MARKERS. A dot or period on the line is used to indicate a 
decimal. Numbers less than 1.0 are always written with a zero preceding the 
period. 

Examples: 0.123 not: .123 

-0.45 not: -.45 


4.4.3 NUMBERS GREATER THAN 1000 AND LESS THAN 0.001. A small space 
is used to separate each grouping of three numbers, instead of nsring a comma, to 
indicate thousands, millions, etc., and thousandths, mininntlifi, etc. Note that thig 
practice does not apply to dollar amoimts. 

Examples: 4 000 000 not: 4,000,000 

0.000 004 not: 0.000,004 

67 890.098 76 not* 67,890.098,76 


A space is not necessary for four-digit numbers (on either side of the decimal 
place) unless the number is in a table with other numbers of more thaii four 
digits. It is not necessaiy to leave spaces in applications where commas are not 
normally used, as in some engineering drawings and finanrifll statements. 


Example: 


15 890 

458 

8436 

0.6532 

2.699 3 

56 548 

874 

125 

8.610 

1.883 25 

4 002 

18 

7233 

10.479 

0.717 11 


Words me aning the same as eqxnvalent prefixes (e.g., billion, million, etc.) «ba11 
not be used. Names of numbers one billion and larger do not represent the same 
quantities worldwide. Roman numerals are often used with inch-pound units (e.g., 
as in MCF for thousands of cubic feet, MCM for thousands of circular mils, MM 
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for millinngj etc.) and not be used with SI units since they are symbols for 
other units and prefixes in SI. 

Example: 1 megameter not 1 milhon meters 

4.5 NUMBER AND UNIT SYMBOL COMBINATIONS 

When a number is followed immediately by a umt symbol, there must be a space 
left between the numerical value and the unit symbol except for plane angle 
measurements (designated with the degree-minute-second symbology). 

Examples: 852 kg not: 852kg 

369.5 mm not 369.5mm 

20®53'21'' not 20 ® 53 ' 21" 

Sources in recommendations about represe nting the number and symbol in 
the unit "degree Celsius." ANSI/IEEE Std 268 and the Government Printing 
Office (GPO) Style Manual dictate that the "degree-Celsius" symbol (®C) should be 
separated fix>m the temperature value by a space (e.g., 10 ®C). But, according to 
ASTM E380, there should be no space between the nijmber and the symbol. For 
the purposes of consistency, it is recommended that a space be used before the 
symbol in all situations except in drawings. For drawings oifiy, where space is 
limited for notation, the degree-Celsius (®) symbol may be written immediately 
following the value without a space. In all situations, the degree symbol must 
stay attached to the letter C. 


Examples: 

240 ®C 

not: 

240® C 


240°C (drawings only) 

not: 

240®C 

Each value sball be shown with a unit name or symbol. 

This refers j>articularly to 

ranges and dimensions, as shown in the following example: 

Examples: 

20 m by 80 m 

not: 

20 by 80 m 


25 rnm by 100 mm 

not: 

25 by 100 mm 


600 kPa to 800 kPa 

not: 

600 to 800 kPa 


23 ®C ± 2 ®C or (23 ± 2) ®C 

not: 

23±2®C 


60 % ± 3 % or (60 ± 3) % 

not: 

60±3% 


300 X (1 ± 3 %) V 

not: 

300 V ± 3 % 




(V and % do not add) 
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4.6 COMPOUND EXPRESSIONS 

4.6.1 MULTIPLE UNITS. Measurements are described using only one form of a 
base unit. Multiple unit names are not used to define one quantity. Do not mix 
symbols of different magnitudes for the same quantity in one expression. Instead, 
select one prefix that best describes the entire number. 

Example: 12 010 mm or 12.010 m not: 12 m 10 mm 

4.6.2 PREFIXES IN COMPOUND UNITS. It is recommended that only one 
prefix be used in a imit expression and that the prefix be used in the numerator. 

Examples: V/m not: mV/mm 

GW/w? not: W/mm^ 

The exception to this rule is when kilogram appears in the denominator. IQlo- 
gram is a base imit that is defined with a prefix attached so it may occur in the 
denominator of an expression along with a prefixed unit in the numerator. 

E^mmple: MJ/kg not: kJ/g 
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SECTION V 

INTERNATIONAL STYLE AND USAGE 

This section describes specific rules to follow when using SI for international 
communications. All rules fi:nm sections II, m, and IV apply except as noted in 
tViA following paragraphs. Mathematical signs and symbols shall be in accordance 
with ISO 31. Refer to ISO 31 and ISO 1000 for other units accepted for use with 
SI. 

5.1 UNIT NAME AND PREFIX SPELLING 

In international usage, a meter (with the American -er ending) is a device tised to 
measure. The unit for length, "metre," is always spelled with the international -re 
ending. Similarly, "litre" is the international spelling for the unit of liquid and gas 
volume. The syml^l for litre is either upper case L or lower case 1 Gower case 1 is 
preferred). Also, the prefix deka (10^) is spelled deca. 

Examples: The current reading on the meter was 20 milliampere. 

The wall measured 20 metre. 

5.2 PLURALIZATION 

Unit nameR are written in sing ular form only since chang^g words for plural 
forms as practiced in the U.S. may cause confusion for those persons not as 
familiar with the English language. 

Examples: The inductance was reduced fi*om 20 henry to 1 henry. 

The speed limit is 88 kilometer per hour. 

The test duration will be 15 second. 

The temperature changed 3 degree Celsius. 

5.3 SYMBOLS 

Regardless of the surrounding type style, unit and prefix symbols, as defined in 
sections II and m, are always printed in serif (Roman) typeface. S 3 nnbols are 
never italicized or printed in san-serif (Gothic) type styles. 

Examples: The resistance was 60 Q. 

The current changed from 300 mA to 600 mA. 
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Symbols for qiiantities (e.g., force, pressure, electrical current, etc.) are always 
shown in italics to differentiate them from imit symbols. 

Examples: F = ma (for force) not: F, meaning farad 

P - 250 W not: P, meaning peta 


5.4 NUMBERS 

Decimal markers are commas, unlike periods used in the U.S. Spaces, as 
described in 4.4, are used to denote multiples of thousands. 


Examples: 0,2 (two tenths) 

not: 

0.2 

3 000,00 (three thousand) 

not: 

3,000.00 or 
3 000.00 

0,000 1 (ten thousandths) 

not: 

0.000,1 or 
0.000 1 


5.5 NUMBERS AND UNITS 

When unit names are spelled out, the number preceding the unit shall also be 
spelled out. Use figures only with unit symbols. 

Example: 60 kg or sixty kilogram not: 60 kilogram or sixty kg 

Do not add subscripts or other information between the number and unit name or 
s3nnbol. 

Examples: U,-— = 500 V not: U = 500 VL-. 

water content is 20 ml/kg not: 20 ml HjO/kg 

or 20 mL of water/kg 


5.6 REFERENCING OTHER UNITS 

Reference to units other than SI should only be in footnotes or in an informative 
annex or appendix. Other uni ts for special applications may be used, but true SI 
units must be given also in a footnote. 

5.7 OTHER CONSIDERATIONS 

The quantity "weight” is considered a force (gravitational force) and is measured 
in newton (N). The quantity "mass" is measured in kilogram (kg). 
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Percentages are "pure numbers” that do not show specific units. Do not use the 
expressions "percentage by mass" and "percentage by volume," or "% (m/m)" and 
"% (V /V).” Instead, write, for example, "a mass firaction of 5 % or a volume 
firaction of 7 %." 

Distinguish between quantities describing object and identi^dng the^objed; itself. 
For example, be dear when describing a "resistor and resistance, ^ coil (or 
inductor) and "inductance," "surface" and "area," "body" and mass, and so on. 
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SECTION VI 

CONVERSION PRACTICES AND CALCULATIONS 

6.1 INTRODUCTION 

Section VI provides information on hard metric, soft-metric conversion, accuracy 
and rounding, and significant digits. Examples are given to illustrate the conver- 
sion techniques. The conversion practices described in this section, as supported 
in appendix D, are according to ANSI/IEEE Std 268 and ASTM E380. 

Conversions from one unit to another are performed using factors that define the 
relationship between the two units, whether they are of the s ame or different 
Tnpflg nr emftTit systems. Conversion factors may be exact or approximations. This 
section describes rules that are applicable to both approximations and exact 
conversion factors. Refer to section VH for information on preferred basic sizes, 
which may be used as a guide for selecting apiiropiiate conversion values. Refer 
to appendix G for conversion factors for converting non-SI units. 

6.2 DEFINITIONS 

a. Conversion Factor - A conversion factor is a number that represents an 
equivalent relationship between two units. It is a multiplying factor 
used to convert from a value in terms of a particular unit to a desired 
unit. 

b. Conversion, Hard - A hard conversion is the process of c h a ngin g a 
measurement from an inch-poimd unit to a nonequivalent metric unit. 
This process may require a ph 3 ^ical change of the item outside estab- 
lished measurement tolerances. The term ”hard conversion" is really a 
TniRTinniftr since the original item is not actually "converted." Instead, a 
new item with independent and unique metric dimensions is created to 
replace the inch-pound item. The new item is often referred to as being 
"hard metric." 

c. Conversion, Soft - Soft conversion is the process of changing a measure- 
ment firom an inch-pound unit to an equivalent metric unit within 
acceptable measurement tolerances and without c hang ing the physical 
configuration of the item. Soft conversion is performed using conversion 
factors to achieve a "soft metric" item. 

d. Significant Digit - A significant digit is any digit of a number that is 
necessary to define the specific value or quantity. 
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6.3 CONVERSION METHODS 

The decision on whether to use hard metric or soft-metric conversion is based on 
knowledge, experience, and common sense. The following paragraphs discuss 
conversion options. 

6.3.1 SOFT-METRIC CONVERSION. Soft conversion is the method of using an 
accurate conversion factor to redefine a numerical value in metric units. The 
method should be used if it is necessary only to describe a nonmetric value in SI 
units, particularly if the numerical value is an actual measurement or a specific 
limit. Soft conversion should be used when rounded, rational numbers are not 
standard or usual for the application regardless of the measurement system. The 
soft conversion can be expressed by either stating only the converted SI imits in 
the requirements as substitution for the inch-pound units, by stating the SI units 
before the inch-pound units in parentheses in the requirements or vice versa (see 
9 . 5 . 2 ), or by providing a table of conversions and/or conversion Actors and giving 
the requirements in only one system 

Example: Soft convert 4.00 inches to millimeters. 

Conversion factor 1 in = 25.4 mm 
4.00 in X 25.4 mm/in = 101.6 mm 

6.3.2 HARD-METRIC CONVERSION. Hard metric is the method of changing a 
nonmetric value to a preferred size or to the nearest rounded and rational value in 
SI units. There are two basic ways of arriving at practical and meaningful metric 
values when performing hard conversion: size substitution and adaptive conver- 
sion. Size substitution is sunply replacing the inch-pound size with an existing 
accepted metric size, which usually conforms to internationally recognized metric 
modules. The use of preferred types and sizes of parts and materials, especially in 
accordance with standards determined by the Intemational Organization for 
Standardization (ISO) and the Intemational Electrotechnical Commission (lEC) is 
encouraged. It may be necessary to alter international or foreign standards to fit 
domestic needs. Adaptive conversion is the changing from a rounded, rational 
inch-pound quantity to a roimded, rational metric quantity that is reasonably 
equivalent (e.g., speed limits). 

Example: Hard convert 4.00 inches to millimeters. 

Conversion factor 1 in = 25.4 mm 
4.00 in X 25.4 mmfin = 101.6 mm 
Nearest rounded, rational value = 100 mm 
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6.3.3 NO CONVERSION. No conversion is necessary if the original requirements 
are defined in SI units already (i.e., do not add inch-pound units to metric require- 
ments^ if the requirements are for items that will continue to be used without 
modifications (e.g., tools, spare parts, etc.); or if the items are becoming obsolete. 

It is also unnecessary to convert requirements that are not measurement sensi- 
tive. 

6.3.4 ROUND-TRIP CONVERSION. It is not recommended that metric measure- 
ments be converted to inch-pound units for manufacture or construction and then 
converted back to metric. This "roimd-trip" conversion can cause mistakes in the 
translation whereby parts and materials delivered are out of tolerance. 

6.4 ACCURACY AND ROUNDING 

Accurate conversions are obtained by multiplying numerical values by an appro- 
priate conversion &ctor (see appendix G). In most cases, multiplying a value by a 
seven-digit conversion factor, as given in the appendixes, results in values imply- 
ing an accuracy not intended by the original value. Proper conversion procedures 
include rounding converted quantities to the appropriate number of significant 
digits corresponding to the intended precision. See appendix D for specific 
procedures for determining significant digits and performing rounding of munbers. 
Note the rules given in this apx>endix do not apply to conversions of tempera- 
ture. When converting fi*om whole-degree temperatures in Fahrenhmt, the Celsius 
temperature should be rounded to the nearest tenth of a degree. 

Example: Convert 65 ‘’F to degrees Celsius. 

®C = (®F - 32) X 5/9 
®C = (65 - 32) X 5/9 

®C = 18.333 ®C, which rounds to 18.3 ®C 

Consider the practical aspect of measuring when using SI equivalents. If original 
mpfl g ur enrientR are made using 1/16-inch increments, for example, a metric scale 
with divisions of 1 mm is suitable for measuring SI units. Similarly, a gage or 
caliper graduated in divisions of 0.02 mm would compare to one graduated in 
divisions of thousandths (0.001) of an inch. Estimates of intended precision 
should never be smaller than the accuracy of the measurement device or tool and 
should usuall y be Smaller than one tenth the tolerance if one exists. This ratio- 
nale also applies to measurements of mass, force, and other quantities. 

Generally, before a value is converted or used in a calculation, the number of 
significant digits must be determined and appropriate rounding performed. First, 
the intended precision or accuracy of the quantity is established as a guide to the 
number of digits to keep. Usually, the precision relates to the niunber of digits in 
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the origiiial value, but sometimes it is not a reliable i ndica t or. For examp le, 

1.1875 may be the accurate dedmal representation of 1 3/16, which may have 
been more adequately expressed as 1.19. Alternately, the value 2 may mean 
"about 2,” or it may mean a very accurate value which should have been written 
as 2.000. After estimating the precision, the converted dimension is roimded to 
the TniniTTmm number of significant digits so that the number in the last place is 
equal to or smaller than the converted precision. In special cases, round to the 
TniniTniiTTi number of significant digits that wiU TnaintfliTi the required accura<y. 
Sometimes deviation fin>m the general practice is done for feasibility, in which 
case, the word "approximate" is written following the converted value. 

When a value represents a TniniTniiTn or mflyiTniim limit, the conversion must 
result in a value that does not violate the original limit. Care must be given to 
proper rounding of the converted value so that it has the correct number of 
significant digits. 

6.6 PROFESSIONAL ROUNDING 

Professional rounding is applying judgement when converting values so that the 
converted value is rounded to a preferred size. In each case, the user must 
determine the acceptable choice, aiming for dean, rounded metric quantities as 
alternatives. Exact conversions are not used and rounding to whole units is 
preferred unless precision is required. The following examples illustrates the 
concept of professional roimding. Refer to 11.1.7 for the discussion of preferred 
multimodules. 

Example: Determine an appropriate width for an unobstructed x>edestri- 

an corridor that does not violate the National Building Code 
(NBC) Tnininnmn requirem^ts of 44 indies. 

Since soft conversion results in an awkward value of 1118 mm, 
a dear, roimded, metric size should be selected that is larger 
than 1118 mm. The most preferred multunodule is 6000 mm, 
which is not feasible. The next preferred multimodule is 3000 
mm, which is also not feasible. The next choice is 1200 mm 
which is feasible and represents a good choice. Every effort 
should be made to keep desig n dimensions in increments of 100 
mm, the basic module, or multimodules. This is also the dos- 
est dimension to the required width. 

Example: For mortar joint thickness, if requirements specified a 3/8-inch 

joint, use 10 mm, which is rounded fi:t>m the exact conversion 
of 9.525 mm. 
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6.6 SIGNIFICANT DIGITS 

During conversion, attention must be given to ensure that converted values retain 
the gflTnft number of significant digits as the original value to maintain the 
required accuracy. See appendix D for details for determining significant digits 
after i>erformmg particul^ mathematical operations. The following example 
illustrates rounding to the proper niunber of significant digits, which results in a 
reasonable conversion. The original value of 12 feet contains two significant 
digits, so the converted value must also have two significant digits. Any addition- 
al accuraQT would be impractical. 

Example: Convert 12 feet to meters. 

Conversion factor: 1 ft = 0.3048 m 

12 ft X 0.3048 m = 3.6576 m, which rounds to 3.7 m 
1ft 


6.7 CALCULATIONS 

6.7.1 USING CONVERSION FACTORS. Appendix G contains conversion factors 
to when converting firom inch-poimd units and obsolete or discontinued metric 
units to proper SI units. When performing a conversion, multiply the original 
value by the conversion fiictor to obtain the SI unit. 

Example: Convert 69.4 Ib/in^ to kilopascals. 

Conversion factor. 1 Ib/in^ = 6.895 kPa 

69.4 Ibdn* x 6.895 kPa = 478.513 kPa, which rounds to 479 kPa 
llbdn* 

Example: Convert $2.30/yd® to dollars per cubic meter. 

Conversion factor. 1 yd® = 0.764 55 m® 

$2.30 X Ivd® = $3.01 
yd® 0.764 55 m® m® 

To convert firom an SI unit to a non-SI unit, divide the SI umt by the conversion 
factor (or multiply by the inverse of the conversion factor). 


6-5 



KSC5-DM-3673 


Example: Convert 47.0 kg to pounds. 

Conversion factor: 1 lb - 0.454 kg 

47.0 kg X 1 lb = 103.524 lb, wbidi rounds to 104 lb 
0.454 kg 

6.7.2 CALCULATIONS OF PREFIXED VALUES. When performing calculations 
of values that are represented by a imit with a prefix attached, the number should 
be converted to its base unit and a multiple of 10 (eiqponential notation). This 
practice reduces the chances of error. 

Example: Determine the total area that is 1.38 km by 0.24 km. 

Conversion facton 1 km = 1000 m 

1.38 km s 1.38 x 10^ m 

(1.38 X 10^) m X 0.24 m = 331.2 m 

6.7.3 CONVERSIONS OF RATIOS. Occasionally, it is necessary to convert two 
related quantities. For example, a specification may require that paint coverage 
be 5 gallons over 100 square feet. Performing independent conversions of both the 
numerator and denominator would produce a rdationship that is impractical and 
difficult to measure. Instead, the two values should be converted as a single ratio 
(e.g., 5 gal/100 ft^) with a reasonable rounded value in the denominator. 

EIxample: Convert 5 gal/100 to liters per square meters. 

Conversion factors: 1 gal = 3.785 L 

1 ft* = 0.0929 m* 

Since 1 ft* is approximatdy equal to one-tenth of a square 
meter, select coverage area to be 10 m*. 

5gal x 3.785L x 1ft* x 10 m* = 20.4 L or 20 L 
100 ft* gal 0.0929 m* 10 m* 10 m* 10 m* 


not: 5 gal X 3.785 L/eal = 18.9 L 

100 ft* X 0.0929 m*/fl? 9.29 m* 

6.7.4 CONVERSIONS OF MIXED INCH-POUND UNITS. Convert values of 
mixed inch-po\md units (e.g., 4 feet 2 inches, 3 gallons 6 ounces) by first rewriting 
the value in terms of the smaller unit. Then, perform the conversion to SI units. 
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Example: Convert 4 feet 2 inches to meters. 

Conversion factor: 1 in = 0.0254 m 

Write the length in terms of the smaller unit - inches: 
(4 ft X 12 in/ft) + 2 in = (48 + 2) in = 50 in 
50 in X 0.0254 m = 1.27 m 
lin 

Example: Convert 3 gallons 6 ounces to liters. 

Conversion factor. 1 oz = 2.957 353 x 10'* L 

Write the voliune in terms of the smaller unit - ounces: 
(3 gal X 128 oz/gal) + 6 oz = (384 + 6) oz = 390 oz 

390 oz X (2.957 353 x 10 ®) L/oz = 11.5 L 
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SECTION vn 

LIMITS, FITS, AND TOLERANCES 


7.1 INTRODUCTION 

This section describes the International Organization for Standardization QSO) 
system of limits, fits, and tolerances for mating parts as approved for general 
engineering usage in the United States. Information is provided on designation 
symbols for defining specific dimensional limits on drawings, material stock, tools, 
gages, etc.; choices for preferred sizes; preferred tolerance zones; and preferred 
limits and fits for sizes. This information applies primarily to dimensions, 
particularly to any "hole" or "shaft" that refers generally to a space contained by 
or containing two parallel faces of any part, such as a tiiickness of a key and the 
width of the corresponding slot. This information also pertains to any other 
application that uses basic sizes and tolerances. 

7.2 DEFINITIONS 

The following definitions apply to tolerances, limits, and fits. Most of the defini- 
tions are iiliistrated in figure 7-1. These definitions are the same for both a "hole" 
and a "shaft." 

a. Basic Size - The basic size is the size to which deviations or limits are 
assigned. 

b. Deviation - A deviation is the variation from a specified dimension 
(designated basic size) or design requirement, usually defined by £in 
upper and lower limit. 

c. Deviation, Fundamental - The fundamental deviation is the deviation 
(upper or lower) closest to the basic size. 

d. Deviation, Lower - The lower deviation is the algebraic difference be- 
tween the minirnmn limit of size and the designated basic size. 

e. Deviation, Upper - The upper deviation is the algebraic difference be- 
tween the maximum limit of size and the designated basic size. 

f. Fit, Clearance - A clearance fit is the relationship between the assem- 
bled parts when clearance occurs respecting all tolerance conditions. 

g. Fit, Interference - An interference fit is the relationship between assem- 
bled parts when interference occurs under all tolerance conditions. 
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UPPER DEVIATION • 


LOWER DEVIATION - 

INTERNATIONAL 
TOLERANCE GRADE 
(IT NUMBER) 


FUNDAMENTAL 
DEVIATION 
(LETTER) 


MAXIMUM SIZE 


MINIMUM SIZE 



SHAFT 


HOLE 


BASIC SIZE 


FUNDAMENTAL 
DEVIATION 
(LETTER) 



LOWER DEVIATION 
UPPER DEVIATION - 


INTERNATIONAL 
TOLERANCE GRADE 
(IT NUMBER) 


MINIMUM SIZE 


MAXIMUM SIZE 


Figure 7>1. Illustration of Definitions 
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h. Fit, Transition - A transition fit is the relationship between assembled 
parts when either a clearance or interference fit can result depen ding on 
the tolerance conditions of the m a t i n g parts. 

i. Hole Basis System - The hole basis system of fits is where the minim u m 
hole size is basic. 

j. International Tolerance (IT) Grade - The IT Grade is a nun^r designa- 
tion representing the amount of variation between the maximum and 
TnimTmim size limits. 

k. Tolerance - The tolerance is the difference between the maximum and 
miniTniiTn size limits. 

l. Tolerance Zone - A tolerance zone is a zone equal in magnitude to the 
tolerance as related to the basic size. 

m. Shaft Basis System - The shaft basis system of fits is where the maxi- 
mum shaft size is basic. 


7.3 BASIC SIZES 

As defined in 7.2, a basic size is the size to which deviations or limits are as- 
signed. The basic size is the same for both m e mb ers of the fit. The liimts 
assigned to each, member express the relationship between the deviation allowed 
gr^d thft basic size. The basic size may actually fall within the tolerance or only 
one member of the fit or may not fall within the tolerance of either part. This 
concept is illustrated in the 7.4. The basic size selected should be a preferred size 
that is closest to the actual size. The following paragraphs explain preferred sizes. 

7.3.1 PREFERRED BASIC SIZES. The numbering system provides infinite 
options for sigiug and rating materials, components, and systems. It is practical 
to establish a set of numbers based on a geometric progression that provides 
uniformity in basic sizes, as does the Renard series of sizes. The Renard series 
are currently used by the ISO to determine sizes for basic materials. M^ufoctur- 
ers provide products sized to these series to reduce the number of sizes in a 
product line, thus reducing inventories. Some products based on these series are 
electric motors, whereby their ratings are based on the preferred sizes. Using a 
system of preferred sizes also ensures that the products firom different companies 
are matched in size. 

Table 7-1 lists the preferred basic sizes based on the RIO series, which is the 
preferred series of sizes for engineering purposes. This series gives the user ten 
incremental sizes in the first-choice category from 1 up to 10, fiem 10 to 100, and 


7-3 



KSC-DM-3673 



















































KSC-DM-3673 


from 100 to 1000. For sizes from 1000 to 10 000, multiply the choices in the first 
column by 1000; from 10 000 to 100 000, multiply the choices in the second 
mliiTTin by 1000; and so on. The list can be reduced to an R5 series by selecting 
every other number in the series. Thus, the first-choice preferred sizes in the R5 
series would be 1, 1.6, 2.5, 4, 6, 10, 16, etc. 

These sizes are guides for determining basic sizes and are not meant to replace 
exact functional and dimensional requirements. 

7.3.2 OTHER INCREMENTAL SIZING. Another series of incremental s i zing is 
the 1-2-5 series where the numbers increase in multiples of 1, 2, and 5 as follows: 
1, 2, 5, 10, 20, 50, 100, 200, 500, etc. This series is practical when used for metric 
linpar sizes in millimeters, shown in table 7-2, by using multiples of 1, 2, and 5 for 
increasing ranges of sizes. The table shows that from 1 to 20, the RIO series of 
sizes is convenient. Prom 20 to 80, the sizes increase by 5; firom 80 to 200, the 
sizes increase by 10; from 200 to 300, the sizes increase by 20, and so on. 


Table 7-2. Preferred Basic Millimeter Sizes for Engineering 



Rising by 5 

Rising by 10 

Rising by 20 

Rising by 50 

1 

20 

80 

200 


1.2 

25 

90 

220 


1.6 

30 

100 

240 


2 

35 


260 


2.5 

40 


280 


3 

45 


300 


4 

50 

140 


600 

5 

55 

150 


650 

6 

60 

160 


700 

8 

65 



750 

10 

70 




12 

75 



850 

16 

80 

200 


900 

20 




950 





1000 
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7.4 TOLERANCE 

The amount of variation between Tna-rimiiTn and minimum dimensions is defined 
by the International Tolerance (TT) grade. The tolerance zone, which is based on 
the fundamental deviation, is the magnitude of the variation and its position 
relative to the basic size. The tolerance zone's range is designated by a letter; 
capital letters indicate internal dimensions (i.e., "hole" size) and lower-case letters 
indicate external dimensions (i.e., "shaft" size). 

7.4.1 INTERNATIONAL TOLERANCE GRADE. Grade numbers, which are 
prefixed by the letters IT (e.g., IT6, ITll), increase in whole number increments as 
follows: 01, 0, 1, 2, 3, 4, etc. The smaller the grade number, the smaller the 
variation allowed between the TnATiTmiin and minimum dim^asions resulting in a 
closer tolerance. Table 7-3 shows the appropriate IT grades for practical applica- 
tions. Refer to appendix H for a listing of IT grade values for basic sizes up to 
3150 mm. 

7.4.2 INTERNAL TOLERANCE ZONES (HOLES). For internal tolerance zones, 
the zones start at A and are positive, which means that both the maximum and 
Tnimmimn limits of the tolerance are positive (e.g., +0.025 +0.015). The tolerance 
becomes negative as the tolerance zone letters approach the end of the alphabet. 
The H range is the base or zero line for internal dimensions. This means that the 
tolerance is described as plus a specific amount and zero (e.g., +0.025 0.000). The 
JS range (between ranges J and E) designates that the maximum and minimum 
tolerance is of the same magnitude about the basic size. In other words, the plus 
and minu s tolerance is equal (e.g., ± 0.05). Table 7-4 illustrates the various 
internal dimension tolerance conditions. 

7.4.3 EXTERNAL TOLERANCE ZONES (SHAFTS). External dimensions are 
identified by lower-case letters with j being the base or zero line where the 
tolerance is zero minus a specific value (e^;., 0.000 -0.025). As with internal 
dimensions, the zone js is the tolerance vdiere the minimum and maximum toler- 
ances are equal. In contrast to the internal dimension lettering scheme, the 
external dimensions are negative at the banning of the alphabet and positive at 
the end. Table 7-5 iUustrates the tolerance ranges of external dimensions. 

7.4.4 PREFERRED TOLERANCE ZONES. Just as there are preferred sizes, 
there are preferred tolerance zones. The preferred tolerance zones are shown for 
internal and external dimensions in figures 7-2 and 7-3, respectively. Tables in 
appendix H list values for these preferred tolerance zones up to 500 mm and give 
the equations for calculating any tolerance. Refer to ANSI B4.2 for tables of 
tolerance zones showing mflyimmn and minimum limitations already calculated. 
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Table 7-4. Internal Dimensions Tolerance Conditions 


Hole Illustration 


Tolerance 

Zones 

Tolerance 

Type 

Example 

A throu|^ G 

Positive 

A14: +0.520 
+0.270 

H 

Zero line 
(positive) 

H16; +0.600 
0.000 

JS 

Ekjual 

JS12: +0.105 
-0.105 

J and K 

Positive and 
negative 

K7: +0.006 
-0.015 

M through Z 

Negative 

Z6: -0.166 
-0.185 



^ BASIC SIZE 
LOWER DEVIATION 
UPPER DEVIATION 



—►I — BASIC SIZE 
UPPER DEVIATION 



m ►{ — BASIC SIZE 

I- LOWER DEVIATION 
^ UPPER DEVIATION 



►! — BASIC SIZE 

►{ U — LOWER DEVIATION 
H — UPPER DEVIATION 



H — BASIC SIZE 

I — LOWER DEVIATION 
UPPER DEVIATION 
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Table 7-5. External Dimensions Tolerance Conditions 


Tolerance 

Zones 


Tolerance 

Type 

Example 

Negative 

dll: -0.100 
-0.290 

Positive 
and negative 

j7: +0.013 
-0.008 

Equal 

js9: +0.037 
-0.037 

Zero line 
(n^ative) 

h3: 0.000 
-0.004 

Positive 

y6: +0.193 
+0.174 


Hole niustration 





►)- BASIC SIZE 

U- LOWER DEVIATION 


-UPPER DEVIATION 




U- 


BASIC SIZE 

•- LOWER DEVIATION 
UPPER DEVIATION 



^ BASIC SIZE 

U- LOWER DEVIATION 
UPPER DEVIATION 




►^BASIC SIZE 

• LOWER DEVIATION 

• UPPER DEVIATION 
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A9 Bi 
A10 B10 
All B11 
A12 B12 
A13 B13 
A14B14 



JS1 

JS2 

JS3 

JS4 


JS5 

K5 

M5 

N5 

P5 

R5 

S5 

T5 

U5 

V5 

X5 

Y5 

25 

JS6 

K6 

M6 

N6 

P6 

R6 

S6 

T6 

U6 

V6 

X6 

Y6 

26 

JS7 

® 

M7 


R7 


77 


V7 

X7 

Y7 

27 

JS8 

KB 

118 

N8 

P8 

R8 

38 

T8 

U8 

V8 

X8 

Y8 

28 

JS9 

K9 

M9 

N9 

P9 

R9 

39 

T9 

U9 

V9 

X9 

Y9 

29 

JS10 K10 

M10 

N10 

P10 

R10S10 

T10 

U10 

VIC 

IXIO 

Y10 

210 


JS11 

JS12 

JS13 

JS14 

JS15 

JS16 


Legend: First choice tolerance zones encircled 
Second choice tolerance zones bold 
Third choice tolerance zones not bold 


Figure 7-2. Internal Dimensions Preferred Tolerance Zones 




hi 

jsl 



h2 

js2 



h3 

js3 



g4 h4 

js4 k4 


f5 

h5 

js5 W 


e6 f6 I 

j6 

js6(g) 

d7 

e7® 

g7 j7 

js7 k7 

c8 M 

e8 f8 

g8 ^ j8 

js8 k8 

a9 b9 c9 ^ 

e9 f9 

g9 (B) 

js9 k9 

a10 bio CIO dIO elO fio 

hlO 

jslO 

all b1l(§3)d11 

ell 

<h§> 

jsll 

a12 b12 c12 d12 


hi 2 

js12 

a13 b13 c13 


hi 3 

jsl 3 

a14 b14 


h14 

jsl 4 



h15 

jsl 5 



hi 6 

jsl 6 


m4 

n4 

p4 

r4 

s4 

t4 

u4 

v4 

x4 

y4 

Z4 

m5 

n5 


r5 

s5 

t5 

u5 

v5 

x5 

y5 

z5 

m6 

m7 



f6 

t 7 

t 

t6 

t7 


v6 

v7 

x6 

X7 

y6 

y7 

z6 

Z7 

m8 

n8 

p8 

r8 

s8 

t8 

u8 

v8 

x8 

y8 

z8 

m9 

n9 

p9 

f9 

S9 

19 

u9 

v9 

x9 

y9 

Z9 


Legend: First choice tolerance zones encircled 
Second choice tolerance zones bold 
Third choice tolerance zones not bold 


F^ure 7-3. External Dimensions Preferred Tolerance Zones 
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7.4.5 GENERAL TOLERANCES. 

7.4.5.1 Tolerance Series . Tolerance series are used to define tolerances for 
various types of dimension applications when unique tolerances are not necessary. 
Fine and medium tolerance series are used primarily to tolerance machined parts. 
The coarse series of tolerances is applicable on all types of dimensions. Tolerance 
series and their variations are shown in table 7-6 for linear dimensions and in 
table 7-7 for angle and taper dimensions. 


Table 7-6. General Tolerance - Tiinear Dimensions 


Basic Biinensions 
(mm) 

0.5 
to 3 

Over 3 
to6 

Over 6 
to 30 

Over 30 
to 120 

Over 120 
to 315 

Over 315 
to 1000 

Over 1000 
to 2000 

Permissible 
Variations 
(in mm) 

Fine 

Series 

±0.05 

±0.05 

B 

±0.15 

m 

±0.3 

±0.5 

Medium 

Series 

D 

±0.1 

±0.2 

±0.3 


±0.8 

± 1.2 

Coarse 

Series 

— 

±0.2 

±0.5 

±0.8 

B 

±2.0 

±3.0 


Table 7-7. General Tolerance - Angle and Taper Dimensions 


Length of the Shorter 
Leg (mm) 

Up to 10 

Over 10 
to 50 

Over 50 
to 120 

Over 120 
to 400 

Permissible 

Variations 

In Degrees 
and Minutes 

± r 

±0*3(r 

±(f*2fy 

±ono' 

In Millimeters 
per 100 mm 

± 1.8 

±0.9 

±0.6 

±0.3 

In 

Mniiradians 

± 18 

±9 

±6 

±3 


7.4.5.2 Tolerance Indication. There are three acceptable methods of expressing 
tnleranne data on dimensi ons. The data may be e^qpressed as the tolerance or 
specified limit s applied directly to the dimension, as specified in other documents 
r^erenced on the drawing, or in a general tolerance note referring to all dimen- 
sions on a drawing for which tolerances are not otherwise specified. General 
tolaranoft notes are used to control dim ensions without specified tolerances and 
expressed as explained in the following paragraphs. 
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7.4.5.2.1 Linear Dimensions. Permissible variations in linear dimensions may be 
specified as ± one half of the IT grade. 

Example: UNLESS OTHERWISE SPECIFIED, ALL UNTOLERANCED 

DIMENSIONS ARE ± ITll . 

2 

The variations may also be referenced in a particular series according to a 
document or listed in a table. 

Example: UNLESS OTHERWISE SPECIFIED, THE GENERAL TOLER- 

ANCE SPECIFIED IN ANSI B4.3 MEDIUM SERIES 
APPLIES. 


or 

D i mens i ons I n mm 


GENERAL TOLERANCE 

UNLESS OTHERWISE SPECIFIED THE FOLLOWING 
TOLERANCES ARE APPLICABLE 


LINEAR 

0.5 

6 

6 

30 

30 

120 

120 

315 

315 

1000 

1000 

2000 

TOL ± 

0. 1 

0.2 

0.3 

0.5 

0.8 

1.2 


The variations may be defined as a function of the number of digits following the 
decimal i>oint in the linear dimension or as a single tolerance value for all untoler- 
anced nominal dimensions. Note that this method is not recommended where the 
magnitude of the dimensions on the drawing varies appreciably. 

Example: UNLESS OTHERWISE SPECIFIED, ALL UNTOLERANCED 

DIMENSIONS ARE ± 0.8 mm. 

or 

Dimensions in mm 


GENERAL TOLERANCE 

UNLESS OTHERWISE SPECIFIED THE FOLLOWING 
TOLERANCES ARE APPLICABLE 


LINEAR 

120 

120 

315 

315 

1000 

1000 

TOL 

ONE DECIMAL ± 

0.3 

0.5 

0.8 

1.2 

TWO DECIMALS ± 

0.8 

1.2 

2 

3 
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7.4.S.2.2 Angular Dimensions. Greneral tolerances for an^es are based upon the 
shorter of the two sides forming the an^e. The angular tolerance is ei^ressed as 
either a single value in decimal degrees or in degrees and minutes, as a taper 
expressed in percentage (munber of millimeters per 100 mm), or a taper expressed 

in Tnilliradians - 

Example: UNLESS OTHERWISE SPECIFIED, THE GENERAL TOLER- 

ANCES IN ANSI B4.3 APPLY. 

or 


GENERAL TOLERANCE 

UNLESS OTHERWISE SPECIFIED THE FOLLOWING 
TOLERANCES ARE APPLICABLE 


LENGTH OF THE OVER 

SHORTER LEG (rrm) TO 

50 

120 

120 

400 

TOLERANCE 

IN DEGREES 
AND MINUTES 

1 0*20' 

O 

0 

O 
+ 1 

IN MILLIMETERS 
PER 100 mm 

±0.6 

±0.3 


Example: UNLESS OTHERWISE SPECIFIED, ALL UNTOLERANCED 

ANGLES ARE 0‘>30'. 


7.5 FITS 

Generally, the fit between two parts is classified as either a clearance, transition, 
or interference fit These types of fits are defined in 7.2. A fit is further classified 
as either a hole basis or shaft basis fit. The hole basis fit uses the basic size as 
the TTiiniTmiTT> tolerance dimension where the tolerance is described as plus one 
specific value and zero (e.g., +0.025 0.000). The fu ndamental deviation for the 
b ole basis system is H (e.g., HIO, H13). The shaft basis fit uses the basic size as 
the TtiayimiiTn tolerauce dimension where the tolerance is described as zero minus 
a specific value (e.g., 0.000 -0.025). The fundamental deviation in the shaft basis 
system is h (e.g., h9, hll, etc.) Normally, the hole basis system is prefe^d; 
however, when a common shaft is used with several holes, the shaft basis system 
should be used. 
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As with tolerance and size, there are preferred fits which define combinations of 
internal and external dimension tolerance zones. Table 7-8 . lists and describes the 
preferred fits for both the hole basis and shaft basis systems. The fits may be 
customized by selecting other internal or external tolerance zones to achieve the 
desired dearance. See appendix H for tables of the tolerance zones for these 
preferred fits. 

7.6 TOLERANCE AND FIT NOTATION 


Ty nnHamftntfll deviations are designated by "tolerance position letters," which are 
specific for internal and external dimensions. The tolerance notation showing the 
mflyimiinn and miniTTiiim limits of a part is the combination of the tolerance grade 
number and the tolerance position letter. The complete toleranced size designa- 
tion is the tolerance symbol written after the basic size value as defined below. 


OQ X (W 


1 IT grade (IT number) 

Fundamental Deviation (position letter) 

Basic l^ze (nominal) 


7.6.1 Internal Dimension Symbols. Internal dimension (hole) symbols are written 
with capital letters. The following example shows a hole with a basic size of 30 
mm in the H tolerance zone with a grade of 1T8. 


Example: 30H8 

7.6.2 External Dimension Symbols . External dimension (shaft) symbols are 
written with lower-case letters. The following ^mmple shows a shaft with a basic 
size of 25 mm in the k tolerance zone with a grade of IT6. 

Example: 25k6 

7.6.3 Fit Symbols. A fit is indicated by the basic size common to both components 
followed by a tolerance zone symbol for each component, which is the internal 
dimension zone followed by the external dimension zone, hi this example, the 
basic size is 20 mm. The hole tolerance zone and IT grade is H8 and the shaft 
tolerance zone and IT grade is f7. 

Example: 20H8/f7 
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Table 7-8. Preferred Pits 


ISO Symbol 

Fit 

Description 

Hole 

Basis 

Shaft 

Basis 

Clearance Fits: | 

Hll/cll 

Cliyhll 

Loose 

running 

For wide commercial tolerances or allowances 
on external members. 

H9/d9 

D9/h9 

Free 

running 

Not for use where accuracy is essential but 
good for large temperature variations, high 
running steeds, or heavy journal pressures. 

H8^n 

F8/h7 

Close 

running 

For running on accurate machines and for 
accurate location at moderate speeds and jour- 
nal pressures. 

H7/g6 

G7/h6 

Sliding 

Not intended to run freely but to move and 
turn freely and locate accurately. 

H7/h6 

H7/h6 

Locational 

clearance 

Provides snug fit for locating stationary parts 
but can be freely assembled and disassembled. 

1 Transition Fits: | 

H7/k6 

K7/h6 

Locational 

transition 

For accurate location, a compromise between 
clearance and interference. 

H7/n6 

N7/h6 

Locational 

transition 

For more accurate location where greater inter- 
ference is permissible. 

1 Interference Fits: | 

H7/p6 

P7/h6 

Locational 

interference 

For parts requiring rigidity and alignment with 
prime accuracy of location but without special 
bore pressure requirements. 

H7/s6* 

S7/h6 

Medium 

drive 

For ordinary steel parts or shrink fits on li^t 
sections, the tightest fit usable with cast iron. 

H7/u6 

U7/h6 

Force 

Suitable for parts that can be highly stressed 
or for shrink fits where the heavy pressing 
forces required are impractical. 


* This is a transition fit for basic sizes in range from 0 nun throng 3 mm. 


7.6.4 Other Symbol Designations. Three other methods of indicatmg tolerances 
are shown in the following examples. The values in parentheses are considered 
reference values. 
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Examples: 


40H8 |40.03S^ 

Uo.oooi 


or 


40.039 

40.000 


(40H8) 


or 40.039 - 40.000 


not: 40.039/40.000 


When HAgignating tolerance limits, all numbers shall carry the same number of 
decimal places whether the limits are stated as plus and minus values or as 
ma-giTmmn and mininniTm dimensions. Add zeros when necGSsary. Upper and 
lower deviations equal to zero are also shown. Note that the plus or minus sign 
may be elimina ted when showing zero deviation. 


Examples: 


28.0 

not: 

28 

27.6 


27.6 

33.00 (+0.00\ 

not: 

33.00 -0.03 

\ -0.03/ 



42.00 (+0.04\ 

not: 

42.00 +0.04 

\ 0.00/ 



65.000 (+0.255\ 

not: 

65.000 (+0.255 

\ -0.100/ 


\-0.1 


When writing tolerance deviations single spaced, the more positive deviation is 
shown fiirst. If the upper and lower deviations are equal, the deviation is shown 
only once preceded by the ± symbol. 

Examples: 53.4 +0.2 -0.4 not: 53.4 -0.4 +0.2 

84.5 ± 0.3 not: 84.5 +0.3 -0.3 
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SECTION vm 
DRAWING GUIDELINES 

8.1 GENERAL DRAWING GUIDELINES 

General drawing practices shall be performed in accordance with GP-435. Details 
particular to metric drawings shall be as si>ecified in this section. 

8.2 DRAWING SCALES 

All drawings should have an indication of scale displayed somewhere on each 
sheet whether the drawing is l/8”=l'-0", NOT TO SCALE, or another appropriate 
scale. As more designs are done in metric units, it is critical that the scale and 
units used be dearly displayed on the drawing. 

Most inch-pound scales are not exact conversions of metric scales. Table 8-1 lists 
common inch-pound scales and the preferred metric scales which are in multiples 
of 1, 2, 5, and 10 (following the 1-2-5 series). Use of the scales listed in the 
OTHER column should be limited to spedal applications. When converting a 
drawing from inch-potmd units to metric, the drawing may need to be resized to 
the appropriate metric scale. Use a reasonable metric scale for new drawings. On 
drawings, the scale is expressed as a nondimensional entity as shown in the 
following example. Note that drawings of scale ratios greater than 1:200 should 
be dimensioned in meters. Otherwise, use millimeters as the primary dimensional 
unit. The units used are defined by adding appropriate notes according to 8.5. 
Refer to section XI for information on specific metric scales for construction work. 



Drawings for all new designs shall use SI units, except for drawings for those 
programs or projects for which a waiver against using SI units has been approved. 
If an inch-pound item is approved for use on a metric project, the dimensions of 
tha t item should be soft converted to metric. If the inch-pound item is used in a 
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hybrid project, then the dimensions of that item may remain in inch-pound units 
except for where it interfaces with metric items in which case the inter&ces 
shoidd be soft converted to metric (or dual dimensioned, in limited situations). 


Table 8-1. Drawing Scales 


Inch-Pound 


Metric Scales 
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8.3.1 READING METRIC SCALES 

Metric scales must be used to measure metric measurements. Metric measures 
cannot be read off of an inch-pound scale because the scales are not equivalent. 
For example, a metric scale ratio of 1:200 is not the same for measuring feet and 
in<dies. Table 8.2 shows examples of reading metric scales. Larger scales may be 
read off of a smaller scale by adding zeros to the values read (see table 8-3). 


Table 8-2. Examples of Metric Scale Measurements 


Scale 

(mm) 

Line 

Measures 

(mm) 

Calculate 

Read 

1:1 

60 

1 X 60 = 60 mm 

60 mm 


60 

10 X 60 = 600 mm 

600 mm 


60 

100 X 60 = 6000 mm 

6 m 


52 

100 X 52 = 5200 mm 

5.2 m 


50 

20 X 50 - 1000 mm 

1 m 


80 

50 X 80 = 4000 mm 

4 m 


Table 8-3. Reading Larger Scales From Smaller Scales 


Scale 

(mm) 

Desired 

Scale 

(mm) 

line 

Measures 

Calculate 

Read 

1:5 

1:5 

50 

5 X 50 = 250 mm 

250 mm 


1:50 

50 

50 X 50 - 2500 mm 

2.5 m 



50 

500 X 50 = 25 000 mm 

25 m 

1:2 

1:2 

40 

2 X 40 = 80 mm 

80 mm 


1:20 

40 

20 X 40 > 800 mm 

800 mm 


1:200 

40 

200 X 40 z 8000 mm 

8 m 


8.3.2 INTERFACES OF DIFFERENT MEASUREMENT UNITS. Unless required 
to define an inter&ce, dimensions of components shall be shown only in the 
measurement units used for the original design. If dimensions fi:t>m the alternate 
measurement system are required for reference purposes, they should be given in 
supx>orting notes or a table but not as part of the dimension lines (see 8.3.T.3). 
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8.3.3 INTERFACES OF HYBRID MEASUREMENT UNITS. When inch-poimd 
items interface with SI items, dimensions of the interface on drawings and in 
associated interface control documents shah be expressed in dual units. The 
measurement units used for the original design of a component are shown first. 
The alternate units are obtained by mathematical conversion shown by any of the 
methods described in 8.3.7. 

8.3.4 DIMENSIONING IN SHARED COORDINATE SYSTEMS. When the use of 
inch-pound and SI coordinate systems is required, both coordinate systems should 
have the same origin, and the direction of the axes should be paralld. The origin 
of the alternate coordinate system may be at convenient integer values in the 
primary system. 

8.3.5 UNIT DESIGNATIONS. Only one unit should be used for each quantity 
(e.g., length) shown on the drawing. Measurements may end up in magnitudes 
greater than 1000 (e.g., 250 000 mm), which is common and acceptable. Dimen- 
sional units need not be specified on each dimension unless it differs firom the 
primary unit used on the drawing and noted in accordance with 8.5. 

8.3.6 NUMERICAL VALUES. All numerical values shown on drawings and 
specifications shall be expressed in the decimal format. Values shown as firactions 
are not permitted, particularly for inch-pound units. Fractions commonly used in 
inch-poimd measurements must be converted to their decimal equivalents. For 
example, the fi:action 1/8 must be represented by the decimal 0.125 or another 
round equivalent (e.g., 0.13) reflecting a reasonable accuracy. 

For lengths, the smallest unit used should be the whole millimeter (e.g., 143 mm). 
Drawings should never show decimal millimeters (e.g., 142.3 mm) except when 
detailing a high precision part or product thickness. 

When sizing objects or placing objects with respect to other objects, use preferred 
numbers and metric modules whenever possible. See section VII for information 
on preferred sizes and 11.1.7 for discussion on metric modules. 

8.3.7 DUAL DIMENSIONING METHODS. Dual dimensioning is a procedure for 
showing values in units firom two different measurement S 3 rstoms (e.g., metric and 
inch-pounds) or the same drawing. Dual dimensioning is a duplication of effort, 
hinders the learning process, clutters a drawing, and provides opportunities for 
mnfiiginn and errors in reading drawings. Dual dimensions shall not be used on 
metric projects except to describe interfaces with new nonmetric items or existing 
facilities, systems, or equipment, as aufiiorized by the responsible design organiza- 
tion. The method used to dual dimension a drawing shall be either the position 
method, the bracket method, or by using a dual-unit table as described in this 
section. 
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8.3.7.1 Position Method. The position method shows the value in the primary 
measurement units (primary value) separated hy a line fii>m the value in the 
secondary measurement units (secondary value). When this method is used, a 
note shall be provided on the drawing explaining how the primary and secondary 
Himpniginng are identified. An example of the note is shown below. See figure 8-1 
for a sample drawing that uses the position method. 

Exan^>le: NOTE: MnJ.TMETER: MILLIMETER/INCH 

INCH 

5.3.7.2 Bracket Method . The bracket method shows the primary value followed 
by t-hp secondary value in brackets. When this method is used, a note s hall be 
provided on the drawing explaining how the primary and secondary dimensions 
are identified. An example note is shown below. See figure 8-2 for a sample 
drawing that uses the bracket method. 

Example: NOTE: DIMENSIONS IN [] ARE MILLIMETERS. 

8.5.7.3 'Dnal-TTnit Tables . Dual dimensions may be shown in a table where a 
HimpTiginn is identified on the drawing by a letter. The letter is referenced on a 
table with the quantity listed in two applicable measurement units. This method 
is TWftgt practical when used on a drawing with limited space for dimensions. See 
figure 8-3 for a sample drawing using conversion tables. 

8.4 TOLERANCE 

Tolerances used shall be according to the ANSI version of the ISO S 3 ^tem of limits 
PT>fl fits, as summarized in section VII and supplemented by appendix H. 

8.5 NOTES 

A general note should be included on the drawing stating that the drawing is 
metric snH identifying the magnitude of the primary unit used. The magnitude of 
the unit is shown as the base unit with the proiier prefix attached (e.g., millime- 
ters). Then, no units are required on individual dimensions unless it is different 
frnm f.hp primary unit defined in the note. Examples of general notes are shown 
below. 


Examples: This is a metric drawing. All dimensions are in millim eters 

except as noted. 

All units in thig drawing are metric. All dimensions are in 
millimeters. 
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Notes identifying units used be added to each sheet of a drawing for danty. 
The note may be part of the specific notes list or placed in a noticeable location. 

Example: NOTE: ALL DIMENSIONS ARE IN MILLIMETERS (mm) 

UNLESS OTHERWISE NOTED. 

8.6 COMPUTER-AIDED DRAFTING AND DESIGN (CADD) PILES 

CADD drawing files should be set up using units of resolution compatible for both 
inch-pound and metric increments to fiidlitate conversion between the two 
measurement systems. For example, a resolution using 320 positional umts per 
millimeter equates evenly to 8128 positional units per inch (no firactional or 
decimal units involved). 

8.7 DRAWING FORMATS AND SHEET SIZES 

Drawing formats shall remain in accordance with GP-435. The placement of all 
format features are soft conversions of the inch-pound dimensions. These format 
gj«*s produce net drawing areas that are within the sheet sizes of both st andar ds, 
so drawings may satisfectorily be reproduced on either inch-pound or international 
standard sheet sizes (A series) by contact printing and microfilm projection 
methods nritil the supply of international standard paper sizes becomes more 
readily available. Table 8-4 lists both inch-pound and international format sizes 
in millimeters. 


Table 8-4. Comparison of Standard Format Sizes 


International 

Inch-Pound 

Size 

Width 

Length 

Size 

Width 

Length 


(mm) 

(mm) 


(mm) 

(mm) 

A4 

210 

297 

A 

215.9 

279.4 

A3 

297 

420 

B 

279.4 

431.8 

A2 

420 

594 

C 

431.8 

558.8 

A1 

594 

841 

D 

558.8 

863.6 

AO 

841 

1189 

E 

863.6 

1117.6 




F 

711.2 

1016.0 


8.8 DRAWING PACKAGES 


8.8.1 COVER SHEET. The cover sheet of the drawing should be labeled "SI 
METRIC" in large letters in a conspicuous location. In addition, each sheet shall 
identify the units used in accordance with 8.5. 
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8.8.2 CONVERSION CHARTS. To avoid confusion during the metric transition 
period, the first sheet of a drawing may include a conversion chart. The chart 
shniild indude conversions for only the units induded in the drawing. See figure 
8-4 for an example of a drawing cover sheet with a conversion chart. Conversion 
charts are particularly beneficial when reference drawings are not in the same 
measurement S 3 rstem of units. 

8.8.3 LIST OF ABBREVIATIONS. For metric drawings, the list of abbreviations 
sghflil not indude any inch-poimd unit abbreviations. Inch-poimd unit abbrevia- 
tions should only be listed in applicable conversion charts for hybrid systems or 
when existing inch-pound items are called out. 

8.8.4 REFERENCE DRAWINGS. Reference drawings should be in the same 
measurement units and scale as the primary drawing if the reference drawing is 
created for the metric project. If it is not feasible or possible to rescale and 
dimension the reference drawing, indude a conversion chart on the first sheet of 
the primazy drawing. 

8.8.5 SPECIFICATIONS. All specifications shall reflect the measurement system 
used on the drawings. All criteria listed in this document for drawings applies to 
associated specifications. 

8.8.6 SELECTING PRIMARY UNITS. Drawings for each disdpline (e.g., struc- 
tural, TnAffhflTiiflfll, electrical, etc.) have standard magnitudes for units. For exam- 
ple, tbft primaiy dimensional unit for mechanical design is millimeters. See 
section XI for units to be used for each disdpline. 
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SECTION IX 

PRESENTATIONS AND TECHNICAL DOCUMENTATION 

9.1 INTRODUCTION 

This section provides recommendations on including measurements in technical 
writing situations such as presentations, reports, manuals, data packages, 
standards, specifications, and other official publications and documentation. 

9.2 DEFINITIONS 

a. Document, Hybrid - A hybrid document is one in which some require- 
ments are given in rounded, rational metric units, and others are given 
in rounded rational inch-pound imits. Hybrid documents may be re- 
quired for use in new designs that use existing nonmetric components 
interfiicing with metric components. 

b. Document, Inch-Pound - Inch-poimd documents have requirements given 
in rounded, rational, inch-pound units only, usually as a result of being 
originally developed using the inch-pound system. Inch-iwund docu- 
ments are developed for items to interface or operate with other inch- 
poimd items. 

c. Document, Metric - Metric documents have requirements given in 
rounded, rational, metric units only, usually as a result of being original- 
ly developed in metric. Documents containing units that are the same in 
both the metric and inch-poimd systems (e.g., volt, ampere, ohm) are 
dassified as metric documents. Documents containing dimensional 
interfaces must have these interfaces in metric sizes to be dassified as 
metric documents. Metric documents are developed for items to inter- 
face or operate with other metric items. 

d. Document, Not-Measurement-Sensitive - A not-measurement-sensitive 
document is one in which application of the requirements does not 
depend subs tantiall y on measured quantities. This type of document can 
be used with either a metric system or an inch-pound system. 

9.3 PRESENTATIONS AND MEETINGS 

Presentations should be written giving numbers in the measurement system used 
for the design requirements of the program or project. Information presented that 
is not program/project oriented should use SI units. Soft conversions of inch- 
pound units to SI units are acceptable and encouraged in management presenta- 
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tions. For metric design programs, it is recommended that in presentations dtial 
units (inch-pound units in parentheses) be used as required for darity at the 
discretion of the program office. Likewise, for inch-pound programs, it is recom- 
mended that SI units be displayed in parentheses following the inch-pound tmits. 

Measurements in reports, data packages, standards, technical interchange 
meetings, and reviews of new systems are to be in SI, unless waived in accordance 
with NMI 8010.2. Summaries may be reported in dual units with the values of 
the p rimary measurement system being written first followed immediately by the 
values of t^ secondary measurement system given in parentheses. It is not 
necessary to convert existing information. 

9.4 TECHNICAL DOCUMENTATION 

There are several approaches to induding SI units into new and existing docu- 
ments, standards, specifications, and other technical documentation: (1) creating 
a paraUd document; (2) adding a metric appendix; (3) inserting metric notes and 
equivalent values; or (4) incorporating metric information into other offidal 
documents. The system of units used in the document should be identified on the 
cover page of the document. This is accomplished by adding a logo" to the cover 
page that identifies the units used. It is placed in the upper left comer of the 
cover page opposite the document number. The logos used and the corresponding 
document number indicators should be as described in the following paragraphs 
for documents that contain both SI and inch-pound units, documents cont ainin g 
only metric units, documents that have separate SI and inch-pound versions, and 
documents that are not measurement sensitive. If a document contains only inch- 
pound units and is not a document written solely for use by a metric-exempted 
program (e.g.. Shuttle, Space Station, etc.), the document should be revised to 
include SI units. Documents written using only SI units shall not be revised to 
indude inch-pound units. The following paragraphs describe eadi approach 
mentioned alrave and explain the method of identifying the meastirement system 
used in the document. 

9.4.1 PABALLEL DOCUMENT. For very complex documents filled with many 
conversions, the logical method is to issue a separate SI document. Great care 
should be used to ensure that the new docummit is hard, metric and that eqmva- 
lents are carefully selected. After that, the basic document and the metric 
document would be revised concurrently until sudi time as the indi-pound version 
is no longer required and is cancelled. Documents that have separate, standalone 
versions, where each contains units of only one measurement system, have 
different designations on the cover page of each version. The cover of the SI 
version shows the METRIC logo in the upper left comer of the page. The docu- 
ment number contains a lower case m in parentheses immediately following the 
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document number and before any applicable revision letters, as shown in the 
example. 

E^xample: 


KSC-STD-164(m)B 


The cover of the inch-poimd version does not show a logo and the document 
number does not contain any indicator of the units used. 



Example: 


KSC-STD-164B 


9.4.2 METRIC APPENDIX- For less complex documents, or for very complex 
documents where retention of the original document number is considered 
necessary, a metric appendix may be prepared. The basic document would re ma i n 
in inch'pound units with reference to the appendix for metric information. The 
append^ would refer to the basic document for technical features and cite only the 
metric equivalents, exercising care to ensure that equivalents are carefully 
selected. A standard or specification that contains both SI and inch>pound unit 
references exhibits a METRIC/INCH-POUND logo on the cover of the document 
anH carries either a basic number or, if it is a revision, is raised to the next 
revision letter. The logo is placed on the upper left comer of the page opposite the 
document munber. Writing of the SI units in the text shall follow the rules for 

ay mhnlfi , style, and usage as described in sections II tbrou^ IV. 

Example: 


KSC-STD-164B 
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9.4.3 METRIC NOTES AND EQUIVALENT VALUES. For relatively simple 
documents with only a few measurement units, the secondary measurement 
system units may be added in parentheses directly after the primary measure- 
ment system units in the text. Another way of adding the alternate units is to 
add an appropriate note or footnote. This is the preferred method for documenta- 
tion in international business. See 9.5 for specific information on incorporating 
dual units in text. The document measurement system logo would be as described 
in 9.4.2. 

9.4.4 METRIC INFORMATION IN OTHER DOCUMENTATION. Other docu- 
ments may be used in lieu of devdoping separate metric specifications or stan- 
dards for a project. Metric requirements may be inserted into contracts or other 
official documentation which may be a convenient avenue for conveying the 
information. 

No special logo or other identification is required on other documentation used to 
define metric requirements. Identification of the measurement system used 
should be noted, though, in an appropriate introductory section of the document. 

9.4.5 DOCUMENTS CONTAINING SI UNITS ONLY. A standard or specification 
that contains only SI units exhibits a METRIC logo and document niunber 
according to the format identified in 9.4.1. Usage of the SI units in the text shall 
follow the rules for units, symbols, style, and usage as were described in sections 
n through IV. Also, see 9.4.1 for additional information. 

Example: 


KSC-STD-6(mK; 



9.4.6 NOT-MEASUREMENT-SENSrnVE DOCUMENTS. Documents that do not 
contain information dependent on any particular measurement system are 
considered to be not measurement sensitive and are labeled as such on the cover. 
No changes to the document number are required. 

Example: 
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9.5 WRITING TEXT CONTAINING MEASUREMENT UNITS 

AU rules for style and usage shall apply as described in sections II through IV of 
t-Hfi handbook when writing a document that references SI values. In documenta- 
tion, it is preferred that numbers be used with unit symbols. For example, "6.5 
m/s” is preferred over "6.5 meters i>er second." 

9.5.1 TEXT CONTAINING ONLY SI VALUES. Where it has been standard 
practice to cite metric units alone, such as citing temperatures only in degrees 
Celsius, the inch-poxuid equivalents may be omitted. The following example is a 
paragraph written using only SI units. 

Example: The average rate of fall shall be 6.5 m/s with a 12-m minim u m 

fall to reach the terminal velocity. In those cases where wind 
speed is to be included in the test, the following values shall be 
used: steady state of 5.1 m/s and gusts to 15.4 m/s lasting 2 
min and applied every 15 min. 

9.5.2 TEXT CONTAINING BOTH SI AND INCH-POUND VALUES. The primary 
measurement system units shall be shown first with the units of the secondary 
measurement system shown in parentheses immediately following the primary 
reference. Since the Executive Order 12770 mandates the use of SI for the 
Federal government, SI is considered the primary measurement S 3 rstem of umts. 

If the documentation is written for an exempted program (see 1.4), the primary 
measurement system of units shall be the system the program uses for design of 
hardware. 

Examples: In the free field at distances less than 3 m (10 ft) firom the 

boundary of the plumes, the distribution of pressure ampli- 
tudes .... 

The air velocity flowing across the wet bulb shall not be less 
than 4.6 m/s (15 ft/s). Provisions shall be made for controlling 
tha flow of air throughout the internal test chamber area 
where the velocity of air shall be maintained between 0.5 m/s 
to 2 m/s (1.6 ft/s to 6.6 ft/s). Distilled or deionized water hav- 
ing a pH value between 6.5 and 7.5 at 25 ®C (77 ®F) shall be 
used to obtain the specified humidity. 

When a value is referenced in two measurement units and is repeated several 
times thmii gh mit a paragraph, the reference fi)r the secondary unit does not have 
to be repeated again in the same paragraph. 
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Example: Ball valves shall confoim to requirements specified herein. 

Valves shall be rated for service at a gage pressure not less 
than 1.2 MPa (175 psi) at 93 ®C (200 ®F). Valve bodies in sizes 
50 Ttmi (2 in) and smaller shall be screwed-end connection-type 
constructed of Class A copper alloy. Valve bodies in sizes 65 
mm (2.5 in) and larger shall be flanged-end coimection type, 
constructed of (31ass D material. Balls and stems of valves 50 
mm and smaller shall be manufacturer's standard with hard 
chrome plating finish. Balls and stems of valves 65 mm and 
larger shall be manufiicturet's standard Qass C corrosion- 
resistant steel alloy with hard chrome plating — 

9.5.3 TEXT CONTAINING NOMINAL VALUES. When nominal inch-pound 
values are used in text, use nominal metric size equivalents if known. Otherwise, 
soft convert the actual inch-poimd dimensions to SI units. Refer to the soft- 
converted values first and then show the nominal value in parentheses to provide 
a reference for darily. 

Examples: Partitions shall be fiiamed with 38 mm by 90 mm (2 by 4 

nominal) wood studs spaced 400 mm on center. 

Sheathing shall be 20 mm by 190 mm (1 by 8 nominal) boards, 
installed at 90 degrees to the bearing surface with at least two 
3-mm (8-penny) nails at eadi bearing. 

The pipe size used is 50-mm (2-in) nominal. 

9.6 TABLES USING TWO MEASUREMENT SYSTEMS 

9.6.1 TWO MEASUREMENT SYSTEMS, ONE COLUMN. Two sets of units may 
be shown in the same colunm of a table. As in writing text, values of the primary 
measurement system are written first followed immediately by the value of the 
secondary measurement system. The unit symbols may appear with the respec- 
tive value or shown at the colmnn heading as shown in the following two exam- 
ples. 
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Elxample: 


1 Summer Test 

Winter Test | 

Before 

During 

Before 

During 

3 ®C (90 “F) 

24 »C as *F) 

13 “C (55 *F) 

10 “C (50 "F) 


or 


Summer Test 

Winter Test 

Before 

Dxuing 

Before 

During 

oC (»F) 

OQ (»F) 

*C (“F) 

OC (op) 

3(90) 

24(75) 

13(55) 

10 (50) 


9.6.2 TWO MEASUREMENT SYSTEMS, TWO COLUMNS. If space permits, 
each value of each measurement system may be shown in its own column. The 
hpnHing of each coluum shall clearly indicate the units for the values shown in 
that column. 


Example: 


Period (min) 

Rate (mm/h) 

Rate (in/h) 

10 

13 

0.5 

3 

221 

8.7 

5 

89 

3.5 

42 

13 

0.51 


9.7 FIGURES USING TWO MEASUREMENT SYSTEMS 

The use of both SI and inch-poimd measurements on a drawing or other pictorial 
illustrations to be used in a standardized document should be avoided. It is 
preferred that tables be \ised to translate spedfic inch-poimd umts to metric umts. 
See S.3.7.3 for proper methods of using tables in drawings. 
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SECTION X 

COMPUTER AND KEYBOARD APPLICATIONS 


This section describes accepted symbols of SI units and prefixes to be used with 
ftata interchange (computer) systems with limited types and numbers of keyboard 
diaracters (also c^ed limited character sets) primauily in systems where comput- 
ers raiTTiTmini cat e with other computers and require no c ommunic ation with 
humans. Some of these symbols are also used in electrical work. These character 
representations are not to be used if all the characters and symbols for the 
international ^lunbols, as described in sections D and ill, are available. The 
symbols described in this section shall not be used for transfer of information to 
the public or for publications. Instead, the full names of umts and proper SI 
symbols Rball be used. Refer to ANSI X3.50 and IEE E Std 260 for additional 
information. 

10.1 SINGLE- AND DOUBLE-CASE SYSTEMS 

Sngle- ariH double-case S 3 ^tems are those keyboard-controlled systems primarily 
composed of letters, numbers, and punctuation symbols. These systems probably 
are not capable of producing the Greek letters p and Q, the degree sign (®), and 
superscript fimetions. Each S 3 Tstem is described in the following paragraphs. In 
several cases, a letter represents two different units or prefixes. The context of 
fJipj information presented should not lead to confusion over the me aning . If so, 
tJiP units should be spelled out to avoid ambiguity. Examp les of representations 
with two definitions are M for milli and meter, N for newton and nano, H for 
hecin hour, S for second and siemens, T for tesla and metric ton, and A for 
ampere and atto. Table 10-1 shows the accepted representations for SI umts for 
both single-case and double-case systems. Prefixes for both systems are shown in 
table 10-2. 

10.1.1 SINGLE-CASE SYSTEMS. Single-case systems are those systems that are 
c^pa Klp of using only upper-c»se letters or only lower-case letters, numbers, and 
the cdiaracters hyphen (-), period (.), and slant (/). 

10.1.2 DOUBLE-CASE SYSTEMS. Double-case systems are those systems that 
are capable of using both upper-case and lower-case letters, numbers, and the 
characters apostrophe O, quotation marks ("), hyphen (-), period (.), and slant (/). 
An capitalized letters remain so even with the prefix attached 

Example: MOhm (for megohm) not: Mohm 
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Table 10-1. Single- and Double-Case Representations of SI Units 


Name of Unit 

International 
(Common Use) 

Single Case 
Renresentations 

Double Case 
Representations 


Symbol 

Lower 

Upper 

Base SI Units; 





meter (metre) 

m 

m 

M 

m 

kilogram 

kg 

kg 

KG 

kg 

seo^ 

s 

s 

S 

s 

ampere 

A 

A 

A 

A 

kelvin 

K 

K 

K 

K 

mole 

mol 

mol 

MOL 

mol 

candela 

cd 

cd 

CD 

cd 

Supplementary units: 

rad 




radian 

rad 

RAD 

rad 

steradian 

sr 

sr 

SR 

sr 

Derived SI units: 





hertz 

Hz 

hz 

HZ 

Hz 

newton 

N 

n 

N 

N 

pascal 

Pa 

pa 

PA 

Pa 

joule 

J 

j 

J 

J 

watt 

W 

w 

W 

W 

coulomb 

C 

c 

C 

C 

volt 

V 

V 

V 

V 

farad 

F 

f 

F 

F 

ohm 

Q 

ohm 

OHM 

Ohm 

siemras 

S 

s 

SIE 

S 

weber 

Wb 

wb 

WB 

Wb 

degree Celsius 

X 

cel ore 

CEL orC 

Cel or C 

tesla 

T 

t 

T 

T 

henry 

H 

h 

H 

H 

lumen 

Im 

Im 

LM 

Im 

lux 

lx 

lx 

LX 

lx 

becquerel 

Bq 

bq 

BQ 

Bq 

gray 

Gy 

gy 

GY 

Gy 

sievert 

Sv 

sv 

SV 

Sv 

Other units: 

g(s)* 




grade (angle) 

gon 

GON 

gon 

degree (angle) 

»(s)* 

deg 

DEG 

deg 

minute (angle) 

'(S)* 

min 

MIN 


second (an^e) 

"(S)* 

sec 

SEC 

(s)* or sec 

liter (litre) 

1 

1 

L 

1 

are 

a 

a 

ARE 

a 

minute (time) 

min 

min 

MIN 

min 

hour 

h 

h 

HR 

h 

day 

d 

d 

D 

d 

year** 

a 

a 

ANN 

a 

gram 

g 

g 

G 

g 

bar 

bar 

bar 

BAR 

bar 

electronvolt 

eV 

eV 

EV 

eV 

1 atomic mass unit 

u 

u 

U 

u 


* (s) indicates symbol is used in the right superscript porition (like an exponent). 

** This representation is most suitable for international exchange. The use of the 
designations yr and YR are acceptable for U.S. interchange. 
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Table 10-2. Single- and Double-Case Representations of SI Prefixes 


1 Prefix 

Factor by 
Which Unit is 
Multiplied 

International 
(Common Use) 
Symbol 

Single Case 
Renresentations 

Double Case 
Representations 

Lnwer 


exa 


E 

ex 

EX 

E 

peta 


P 

pe 

PE 

P 

t^a 


T 

t 

T 

T 

giga 

BIH 

G 

g 

G 

G 

mega 

B^B 

M 

ma 

MA 

M 

kilo 

103 

k 

k 

K 

k 

hecto 

102 

h 

h 

H 

h 

deka (deca) 

101 

da 

da 

DA 

da 

deci 

10-1 

d 

d 

D 

d 

centi 

10-2 

c 

c 

C 

c 

milli 

10-3 

m 

m 

M 

m 

micro 

10-6 

11 

u* 

u* 

u* 

nano 

10-9 

n 

n 

N 

n 

pico 

10-12 

P 

P 

P 

P 

femto 

10-15 

f 

f 

F 

f 

atto 

10-18 

a 

a 

A 

a 


* When used in documentation that will be reproduced or printed, add a “tail” by hand to the 
letter to create the p. letter. 


10.2 SPACING 

In fi:ee text or narrative situations, a space should be used between the value and 
the unit, as described in 4.5. A space between a value and unit symbol is 
optional for formatted data since the particular format is defined in the computer 
program. 

10.3 PRODUCTS OF UNITS 

Multiplication of two or more units is represented by a period between the unit 
symbols, instead of the raised dot as described in 4.3.1. 

Example: Pa.s (for pascal second) 

10.4 DIVISION OF UNITS (RATIOS) 

Division and ratios of units are indicated by a slant (/). Denominators may also be 
expressed with negative exponents (see 10.5). 

Example: m/s (for meters per second) 
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10.5 POWERS 

If superscript capabilities are not available, an e^mnent is written immediately 
following the unit symbols as shown in the following paragraphs. 

10.5.1 POSITIVE EXPONENTS. Positive exponents are represented by the 
exponent value (without a sign) placed immediately following the unit symbol. 

Examples: M3 (for cubic meter) 

Tnm2 (for mm^) 

10.5.2 NEGATIVE EXPONENTS. Negative es^nents are represented by the 
negative sign and the esqponent value immediately following the unit symbol. 

Examples: M-3 (for 1/m® or m'®) 

W.m-2 or W/m2 (for W/m®) 


10.6 PREFIXES 

Adding a prefix to unit symbols follows the same rules expressed in section m, 
particularly that no space or other symbol is used between the prefix and the unit 
symbol. A prefix never stands alone or with any other prefix (i.e., no compoimd 
prefixes). 
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SECTION XI 

SCIENCE, ENGINEERING, AND CONSTRUCTION 


This section discusses the units used in general, sdence, engmeering, and con- 
struction applications. The units identified in the following paragraphs may need 
to be modified to show the proper prefixes when magnitudes of values warrant 
that change following the rules in the previous sections. Refer to appendix G for 
applicable conversion factors. 

11.1 PROJECT CONSIDERATIONS 

A project is "metric" when drawings, specifications, and procedures show only SI 
units; construction, fabrication, or implementation takes place in only SI units; 
nnti inspection occurs in only SI units. This does not imply that every item used 
in the project is originally designed in metric units. It does imply that all the 
information describing and defining components and materials that are identified 
in drawings, specifications, and product literature be in metric units, a process 
that involves soft conversion. 

The decisipTi on whether to use hard metric or soft metric conversion must be 
based on knowledge, experience, and common sense. Consideration should include 
product and mater ial availability and impact to the project schedule and cost. 

Hard metric products should be selected when procurement lead times are within 
the RrhediilA and when costs are reasonable and do not become a significant 
percent of the budget. See 11.1.8 for additional discussion on acquiring metric 
products and materials. 

The following paragraphs describe metric usage and conversion in various types of 
projects, drawings, and specifications. Also provided are recommended wording 
for advertisements, announcements, and project definition (e.g., statements of 
work). 

11.1.1 TYPES OF PROJECTS. 

11.1.1.1 New Construction and Fabrication . New facilities, systems, and equip- 
ment fiball be specified in metric, whether hard metric or soft converted (see 
11.1.3), in accordance with program or project requirements (see 1.4). 

11.1.1.2 Renovation. The use of CADD has simplified the execution of metric 
modification and renovation projects. These projects include refurbishment, 
remodding, and replacement of systems, equipment, or fiicilities. Major 
modification makes it feasible to install entire systems and components in metric 
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sizes. Examples include instfllling a new ceiling system using 600- by 600-mm 
components is practical even though tiie original ceiling was made of a different 
modular size; or inst^ning a new air-handling ^stem spedfied in metric. In small 
projects* consideration should be given to the cost of metric products and lead 
times to determine the practicality of installing new metric items. 

When converting portions of a system to metric, consider converting the entire 
system's operational controls for safety and maintainability reasons. For example, 
it would be unsafe to control HVAC in a new x>art of a building using the Cdsius 
temperature scale and the preexisting part using the Fahrenheit scale. It is not 
as important that some portions of the HVAC system's physical components are 
metric and some are not, as long as all of the system's monitoring controls are in 
the same system. 

11.1.1.3 Demolition . Some projects may involve conq)lete or partial demolition of 
ftTiRting fEtdlities, systems, or equipment. Some items may be disposed of or saved 
for storage, reinstallation, or refurbishment. When storage or complete demolition 
and disposal are specified, there would be no need to convert any part of the 
project to metric; often times, portions of old drawings are used only to identify 
areas to be dismantled. If items are to be saved for reinstallation or refurbish- 
ment, it may be required that those items be soft converted to metric. 

11.1.2 DRAWINGS. Notations on drawings shall follow the guidelines outlined in 
section Vill except as noted in this section. Shop drawings should use the same 
dimensions as on contract documents to avoid errors in translation. 

In building design, the following scale ratios shall not be used: 1:25, 1:75, 1:80, 
and 1:125. See section VUI for the table of preferred scales. Generally, dimen- 
sional units for scale ratios fiiom 1:1 up to 1:200 should be in millimeters exclu- 
sively. Scales with ratios greater than 1:200 should be in meters. 

Eadi sheet of the drawing should have a note identifying the primary dimen sional 
unit (e.g., "ALL DIMENSIONS ARE MILLIMETERS (mm) UNLESS OTHER- 
WISE NCITED."). Then, it is imnecessary to include units on each dimension. 
Rormd to whole millimeters tmless greater precision is required; SI drawings 
should almost never show decimal millimeters unless for a high precision part or a 
product thickness being detailed. 

Dual dimensions should not be used except as specified in 1.5 and 8.3.7. Wherev- 
er dual units are employed, the design unit precedes the equivalent unit with the 
unit employed for verification of tolerance identified with an asterisk (*). For 
example, if a space vehide is designed in the inch-pound system of units, dual 
units at a payload interface would be shown as miUimeters*(inches) [e.g., 255.0* 
mm (10.04 in)]. 
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11.1.3 SPECIFICATIONS. 

11.1.3.1 Units . All measurements in specifications must be stat^ in metric 
unitSy wbetber they are hard metric or soft converted. Specifications should use 
the gamg measurement units as the drawing. For example, if the drawing uses 
millimeters, then the specifications should use millimeters. If two sets of umts 
are used for hybridfinterface systems, the specifications should also reflect the 
dual nTiitfi for the appropriate items. The policy of the National Institute of 
Building Sciences O^S) is that "wherever the use of an inch-pound measure 
serves to clarify an otherwise familiar metric measure, the inch-pound umt may 
be placed in parentheses after the metric measure," (e.g., 38 mm by 80 mm [2 by 4 
nominal)]. 

The millimeter is the length unit used for almost all measurements and is 
consistent with dimensions in major codes, such as the National Fire Protection 
Association’s (NFPA’s) National Electrical Code and Building Officials and Code 
Administrators’ (BOCA’s) National Building Code (NBC). Use of the mil^eter 
provides dimensions for products and buildings that are integers, thus e liminat i ng 
It is acceptable to use large numbers of millimeters, often with five and 
six digits (e.g., 150 000 mm, 45 600 mm). Meters may be used for very large, 
rounded sizes, as applicable. Centimeters are never used in construction. 

In some instances, it may be less confusing to describe dimensions in terms of 
more basic units, such as for areas in terms of the linear dimensions defining the 
space (e.g., area 5 m by 20 m for storage of materials). 

11.1.3.2 Products . Refer to metric or dual unit codes and standards, (^eck 
product availability, and specify metric products. Modular products will be 
available in sizes based on multiples of 10, 100, or other metric modules or 
preferred sizes. Most products will be relabeled in metric units resulting in no 
difference between the physical size of the metric products and inch-pound 
products. Nominal designations based on inch-pound sizes will be repla^ with 
new metric-based names. See 11.1.8 for additional information on metnc products 
and materials. 

11.1.3.3 Conversion. Use professional rounding to lOO-mm modules when 
preferred sizes (e.g., 200, 500, 1000, etc.) are not practical In each ca^, ffie user 
must Hpjtprmine the acceptable choice, aimin g for dean, rounded metric dimen- 
sions as alternatives. Simple mathematically converted dimensions should not be 
used. It is not recommended that metric measurements be converted to inch- 
pound units for manufacture or construction and then converted back to metric. 
This "round-trip" conversion (see 6.3.4) can cause mistakes in the translation 
where parts out of tolerance and incorrect quantities of materials are dehvered. 
Contractors are cautioned at preconstruction meeting not to do round-trip 
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conversions as such errors are at their expense. See 6.5 for additional information 
on conversion practices using professional rounding. 

11.1.3.4 Construction Specifications . Terminology similar to the following 
paragraphs should be induded in Division One of construction specifications. 

"During the prebid conference, a session will be specifically devoted to 
metric. The 95-percent rule will be explained, showing that most 
products specified are the same products contractors are currently 
using, only specified in metric dimensions- All hard metric products 
used on the project will be identified and discussed. Contractors will 
be cautioned that they should ask suppliers about delivery schedules 
on hard metric products and not assume they are the same as inch- 
dimensioned ones. 

"All correspondence must use SI metric units exclusively. AU cost 
data submitted by the contractor in a proposal or any other submis- 
sion must be in metric units. All shop drawings, catalog cuts, and 
other submittals must be submitted with metric units and dimensions 
that clearly demonstrate conformance with the metric units given in 
the drawings and specifications. Metric supplements to existing 
product literature or data will be accepted on bond paper. 

"All oi>eration and maintenance (O&M) material must be submitted 
with metric units and dimensions that dearly demonstrate confor- 
mance with the metric uzuts given in the drawings and specifications. 
Metric supplements to existing O&M material will be accepted on 
bond paper. 

"All meetings and presentations which involve discussion of measure- 
ments or units must be condrwted in SI units.” 

11.1.4 STATEMENTS OF WORK. The following information shall be added to 
the ai^ropriate parts of the statements of work to direct architectural and 
engineering firms (A&E's) to do the project in metric. 

”2.0 INTERNATIONAL SYSTEM OP UNITS 

This facility [or project] shall be designed using the International 
^stem of Units (SI)- With the exception of a conversion table on the 
cover sheet of the design drawings, all dimensioning shall be exdu- 
sively in metric units. This shall also hold true for the project specifi- 
cations, cost estimates, test reports, data manual, and any other 
submissions. 
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"Where possible and economically practical, specified materials sha ll 
be American-made hard-metric products. The A&E shall provide a 
justification for any nonmetric materials specified, which must then 
be approved by the Contracting Officer's representative. Documenta- 
tion of this "justification" shall be included in the data manual." 

"4.2.2 SPECIFICATIONS 

"The A&E shall be responsible for modifying any specification sec- 
tions used that have not already been converted to the International 
System of Units. The lead design engineer shall confer with the 
SPECSINTACT office (BOC-263) (407-853-2292) for a copy of existing 
metric specifications. 

"First Submittal Each section shall be modified, as required, 

to reflect the SI system of measurement. 
Newly modified individual sections shall be 
left in their generic formats; i.e., editing 
notes fibflll not be deleted and no red-lines 
should be made. The intent is to create a 
boilerplate metric specification for future 
use at KSC. A copy of the project diskettes 
gbflll be included in this submittal." 

11.1.5 A&E AND CONSTRUCTION MANAGEMENT SCOPE. The following 
terminology is recommended for insertion into each A&E scope of work: 

"Metric Measurement. 

"Measurements and units of any type, on all submissions of this 
project, shall be shown in SI metric units exdusively. Non-SI mea- 
surements shall not appear in reports, drawings, specifications, or 
any other submissions. A&E firms must strive to utilize as many 
hard-metric products as possible. 

"AH cost estimating should be submitted in metric units only. All 
correspondence shoTild be written in SI units exdusively. All shop 
drawings, catalog cuts, and other construction phase material shall be 
submitted in metric units. Submit all operations and maintenance 
Tnamials in metric units." 
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11.1.6 AlWOUNCEMENTS AND ADVERTISEMENTS. 

11.1.6.1 nornrherce Businfiss Daily fCBD). Advertisem ent s in the CBD for A&E 
or construction managernent (CM) solicitations should state the area of the project 
in square meters only (e.g., "The new building will be approximately 15 000 
square meters of occupiable office and storage space.”). Eadhi announcement 
should state: "This project will be designed and built entirely in metric units." 

11.1.6.1.1 A&E Firm Announcements. A&E firm announcements, including term 
contract announcements, should include the following sentence as an evaluation 
facton "Familiarity with the metric S 3 rstem and ability to design in metric units.” 
Metric experience should not yet be mandated. Althoui^ many firms have 
substantial metric experience, many excellent design firms have not yet had an 
opportunity to i>erform metric design work. 

11.1.6.1.2 Construction Management Aimouncements. Construction management 
ATiTinnTireTnftntR, including term construction management announcements, should 
infliiHp thft following sentence as an evaluation fiictor: "Familiarity with the 
metric system and ability to perform required services in metric units." 

11.1.6.1.3 Construction Advertisement. The following phrases should be used for 
each CBD advertisement for construction projects designed in metric. The area of 
the project should be shown in metric dimensions only [e.g.. This project involves 
the renovation of a 24 000 gross square meter (GSM) building.]. Th^ state: 

"This project has been designed completely in metric units. AH testing will use 
metric units. Shop drawings and product literature must be submitted with 
metric Himanginns - Supplements to existing product literature will be accepted on 
bond paper.” 

11.1.6.2 Request for Proposal (RFP). Each RFP shall require a summary of the 
firm's metric experience, its experience with the metric system, and its ability to 
perform required services in metric units. 

11.1.7 METRIC MODULES. Metric modules are basic sizes reflecting even or 
roimded numbers of units. The basic metric module is 100 mm. Table 11-1 shows 
tha V>agia metric module, submodules, and multimodules and their approximate 
inch equivalents. The mtiltimodules and submodules, in preferred order, are 6000, 
3000, 1200, 600, 300, 100, 50, 25, 20, and 10. 
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Table 11*1. Metric Modules 



Millimeters 

Close to 

Basic module 

100 

4 inches 

Submodule 

50 

2 inches 


25 

1 inch 


20 

- 


10 

- 


5 

- 

Multimodules 

300 

1 foot 


600 

2 feet 


1200 

4 feet 


3000 

10 feet 


6000 

20 feet 


11.1.8 PRODUCTS AND MATERIALS. Over 95 percent of the products used in 
building construction today will undergo no physical changes at all during the 
metric transition. All that will occur is that the dimensions of the product be 
identified in drawings, specifications, and on product literature in metric units, a 
process of soft conversion. Most standard products will not change physical 
rtiTnATiRinns but wiU be soft Converted. Custom products may be specified in metric 
HiTncinginng ginre their man ufacture is performed using conq>uter-controlled 
machinery (e.g., wood doors, glass and windows, metal ductwork, interior stone- 
work, and precast facade systems). Determining whether to select only hard 
metric products and materials should be based upon whether there is a si gnifi ca n t 
impact to the schedule for longer lead-time items or budget. Some hard metric 
products may have minimum Older quantities which may limit thdr use to larger 
projects. Most products, however, are the same dimensions in both measurement 
systems and easily be used on any project. 

11.1.8.1 Mndniar Products . Products that will change physically to be hard 
metric are those that are modular in nature. These products indude air difiusers 
and grilles (lay-in type), brick and concrete masonry units (at the option of the 
contractor), drywall, fluorescent lighting fixtures Qay-in type), raised access 
flooring, and suspended ceiling tiles and grids. 

11.1.8.2 Tolerance . Tolerances should be in accordance with section VII except in 
the situations when established tolerances are not feasible while soft converting to 
metric. Use professional judgment in converting the tolerances. If possible, add 
or select tolerances so that materials in either metric and inch-poimd sizes fit the 
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spedficataons, thus increasiiig the number of products available from which to 
select. This concept is illustrated in the following example. 

Example: Select a tolerance for thickness of 14-gage steel plate. 

The preferred metric specification for thickness of 14-gage plate 
in metric is 1.9 mm. The actual thickness is 1.9939 mm 
(0.0785 in). The plate may be specified to be a minimum 
thickness of 1.9 mm. This allows for the thicker inch-dimen- 
sioned material without violating the size specification. An 
alternate method of spedfidng the thichness is to write a 
particular tolerance, such as 1.9 +0.095 0.000 mm. 

11.1.9 TOOLS. All metric work sball be performed using tools and other neces- 
sary equipment that measures in proper metric units. It is not important whether 
the tools are designed in metric as long as it proi)erly measures in metric units. 

To prevent errors in construction and fiibrication, it is recommended that no tools 
measuring in nonmetric units be permitted in the immediate work area. Eh^ri- 
ence, though, has shown that it has been hdpful for dual metric/inch-pound tape 
measures to be used initially to help employees become accustomed to the new 
measurement units. 

Many tools are available firom the General Services Administration (GSA) and can 
be ordered from the Standardization and Control of Industrial-Quality Tools 
catalog. 

11.1.10 TRAINING. As briefly discussed in 1.7, training should be performed as 
dose to the beginning of a new metric project as is possible. This training time 
would be different for each type of job. For example, on a frdlities project, 
architects and engineers would need to be trained prior to the design phases of the 
project^ tradespeople would need training just b^ore construction. It may also be 
beneficial to conduct short training sessions periodically throughout the project 
phases to ensure proper understanding of SI measurements, usage, and implemen- 
tation using metric tools. 

11.1.11 INSPECTION. Proper inspection is critical to the success of a metric 
project, particularly during the transition period when many employees are 
unfamiliar with the SI measiirement system. It is imi>erative that inspectors have 
a thorough understanding of SI and of the metric requirements for the project. 
Improper inspection leads to rework, schedule delays, and cost overruns. 

Insi)ections shall be performed using metric gages, tools, and other inspection 
equipment whenever practicable. This is particularly important when verifying 
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finp Using metric inspection devices on metric-defined parts and 

i^imPTiginng prevents th.e loss of tolerance and errors as a result of conversion. 

11.2 GENERAL SCIENCE AND ENGINEERING 

11.2.1 LENGTH/LINEAR MEASUREMENTS. The primary linear measure for 
most engineering work is the millimeter. The meter is used in major dimensions 
in calculations and on drawings. Use of the millimeter and meter improves clarity 
and saves space and time in drawing, typing, and computer applications. Other 
units may be used in special circumstances, such as u sin g meters and kilometers 
for «tigta-nnftg and micTometers for precision measure ment s. Millim eters 
provide integer measurements within tolerances with millim eters, thus elimin atr 
ing decimals and fi-actional units. The centimeter shall be avoided because it is 
not a nnngjg f^nt. submultiple of 1000 based on the meter, it can be confiised easfly 
with rnmirneters with only a factor of 10 difference. When centimeters are shown 
in for such things as snow depth, body dimensions, or carpet sizes, etc., 

convert them to either millimeters or meters. 


When writing length measurements, whole numbers always indicate millimeters 
(e g 3600, 300, 25). Lengths up to 3 ft 3-5/16 in (998.54 mm) can be represented 
in whole millimeters to three digits; up to 32 ft 9 in (9982.2 mm) can be repre- 
sented by whole millimeters to four digits; and up to 328 ft (99 974.4 mm) can be 
written in whole millimeters to five digits. Decimalized expressions to three 
places indicate meters (e.g., 3.600, 0.300, 0.025); although, meters may also be 
carried to one and two decimal places. When required for purposes of accuracy, 
show three decimal places. 

The following list shows the applications to use for various length units. 

a. meter (m) boundary and cadastral surve}^; survey 

plans; heig hts, geodetic surveys, and con- 
tours; spans, levels, overall dimensions, 
colximn heights, etc.; trench, curb, fence, 
pix>e, conduit, and channel le ng t h s; lumber 
nnH leng th measurements related to other 
building materials; depth of storage t anks 
anti reservoirs; heigd^t of potentiometric 
head, hydraulic head, piezometric head; 
sound wavelengths 

b. kilometer (km) distances for transportation pm^ses; geo- 

graphical or statistical applications in sur- 
veying; long pipe and channel lengths 
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c. millimeter (mm) spans; building dimensions; depth and 

width of sections; di^lacement settlement* 
deflection, elongation; radius of g 3 n:ation; 
eccentricUy; detailed dimensions; lumber 
cross sections, thicknesses, diameters, sheet 
metal gages, fasteners, most building prod- 
uct dimensions and length measurements; 
pipe diameters; radii of ground water wells, 
heii^t of capillary rise, precipitation (rain- 
fall), evaporation; dump of concrete, size of 
aggr^ate; sound wavelengths 

d. micrometers (pm) thickness of coatings (paint, galvanizing, 

etc.), thin materials thidmess, size of fine 
aggr^;ate 

11.2.2 AREA. The preferred unit of area is the square meter. Square kilometers 
are used for large areas and square millimeters are used for small areas. The 
term hectare is used only for land and water measurements, where 

1 ha = ilOOf m* = 10 000 m* = 10* m® = lO'* km^ 

Avoid square centimeters due to possible confusion with square millimeters; use 
sqiiare millimeters (mm^), where 1 cm^ equals 100 mm^, or square meters (m^ 
instead. The exponential form of square meters is also acceptable (e.g., 1.5 x 10* 
m*). 

It may be more practical to use dimensions to describe area rather than the 
computed area. Always put the width measurement first, then put the hei^t. 

Examples: 40 mm x 90 rmn not: 3600 mm^ 

300 mm x 600 mm not: 180 000 mm^ 

The following list shows the applications to use for various area units. 

a. square meter (m‘) general areas; plots, plans, deeds, small 

land areas, areas of cross section of earth- 
works, channels, and larger pipes; surfoce 
areas of tanks and small reservoirs; site 
dearing; floor areas; paving, masonry con- 
struction, roofing, wall and floor finishes, 
plastering, paintwork, ^ass areas, mem- 
branes, lining materials, insTilation, rein- 
forcing mesh, and formwork; areas of all 
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building components; surface aieas for room 
absorption of sotmd 

b. square kilometer (km^) areas of counties and states, large catch- 

ment areas or other large land areas 

c. hectare (ha) land and water measurements, &rms and 

public lands, irrigation areas, dra inag e 
areas; areas on boundary and other survey 
plans 

d. sqioare millimeter (mm*) small areas in general; areas of cross section 

for structural and other sections, bars, 
pipes, rolled and pressed shai)es, etc. 

11.2.3 VOLUME, FLUID CAPACrTY, AND VOLUMETRIC FLOW. The cubic 
meter is thp preferred volume umt for engineering purposes and is used for large 
volume quantities. The cubic millimeter is used primarily for volumes and 
capacity in gTngll quantities. Most applications in construction use the cubic 
meter. Cubic decimeters and cubic centimeters are acceptable since they are 
mioltiples of 1000 in volume, but limit the usage. The liter and mister are xised 
for fluid (liquid and gas) volumes and capacity of containers for fluids only. 

1 L = 1/1000 m* = 1 dm* = 10-* m* 

1 m* = 1000 L 

Volumetric flow rates are measured in terms of cubic meter per second, liter per 
second, or cubic meter per hour. The use of minutes shall be avoided, as in units 
such as cubic meters per minute or liter per minute. 

Examples: 1 m*/s or 1000 L/s not 60 m*/min 

1 L/s or 3.6 m*/h not 60 L/min 

1 m*/h or 1000 L/h not 16.67 L/min 

The following list shows the applications to use for various volume units. 

a. cubic meter (m*) large volumes; volume of earthworks, exca- 

vation, filling, arid waste removal; concrete, 
mortar, sand, timber, all bulk materials 
supplied by volume; laige volumes of fluids 
as in water distribution, irrigation, diver- 
sions, sewage, storage capacity, and under- 
groimd basins 
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b. liter (L) volumes of fluids and fluid capacity of con- 

tainers; liquid materials, domestic water 
supply, consumption, volume/capacity of full 
tanks; capacity of plumbing systems 


c. milliliter (mL) 


same as liter but for smaller quantities 


d. 


cubic meter per second 
(m®/s) 


volumetric flow in general; flow in pipes, 
ducts, channels, rivers, irrigation spray 
demand 


e. liter per second (L/s) volumetric flow of fluids 


11^.4 MASS. The kilogram is used for the amount of material or mass in 
general. The metric ton (1000 kg) is used for larger quantities of materials and 
ratings of lifting equipment. The gram is used jjrimarily for samples of materials 
for testing. The following list shows specific applications for mass units. 


a. kilogram (kg) 


b. metric ton (t) 


c. gram (g) 


calculations and specifications for mass of 
materials in general; mass of structural 
elements and madnnery; ratings of lower 
capacity support and lifiing equipment 

ratings of sui^rt and lifting equipment 
(e.g., trucks, bridges, cranes, etc.); mass 
greater than 10 000 kg for large quantities 
of materials, such as structural steel, rein- 
forcement, aggregates, concrete, etc.; large 
items (e.g., calculating mass of large precast 
concrete units for estimating transport 
costs) 

samples of materials for testing 


d. milligram (mg), pg, mass of moisture vapor 

or ng 

e. kilogram per meter linear density of sections, bars, simi- 

(kg/m) lar materials of uniform cross section 


f. gram per meter 
(g/m) 


linear density of wire and similar 
materials of uniform cross section 
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g. kilogram per square 
meter (kg/m*) 


h. grams per square 
meter (g/m*) 

i. kilogram per cubic 
meter (kg/m®) 


j. gram per cubic 
meter (g/m®) or 
pg/m® 

k. kilogram per second 
(kg/s) or t/h 


mass per area for slabs, plates, simi- 
lar items of uniform thickness or depth; 
rating for load-carrying capacities of floors 
(for display on notices, not in calculations) 

thin sheet materials, coatings, etc. 


mass density of materials in general, mass 
per volume in concrete mix; evaluation of 
masses of structures and materials; concen- 
tration 

concentration, as in pollution control 


rate of transport of materials on con- 
veyors and other material handling equi]>- 
ment 


11.2.5 STRUCJTURAL SECTION PROPERTIES. Geometric cross-sectional 
properties use multiples of units raised to certain powers, such as cubic millime- 
ters, millimeters to the fourth power, and millimeters to the sixth power, as 
described in the following paragraphs. 

11.2.5.1 Modulus of Section . The modulus of section (Z) is in units of cubic 
millimeters (mm®) or cubic meters (m®), where 1 mm® is equal to 10 * m® . Exam- 
ples of these moduli include plastic section modulus and elastic section modulus. 

Example: = 1.835 x 10® mm® or 1.835 x 10"® m® 

11.2.5.2 Second Moment of Area or Torsiona l Constaut. The second moment of 
area (/) (moment of inertia) or torsional constant is in units of millimeters or 
meters to the fourth power (e.g., mm^, m*), where 1 mm* is equal to 10’“ m*. 

Example: = 0.371 x 10® mm* or 0.371 x 10-® m* 

11.2.5.3 Wflmiupr Houstant . The warping constant (CJ and the torsional constant 
(J) are in units of millimeters or meters to the sixth power (e.g., m®, mm*), where 
mm® is equal to 10*^® m®. 

F.TflTnplPfi - J = 0.691 X 10® mm® or 0.691 x 10 “ m® 

= 0.924 X 10“ mm® or 0.924 x 10^ m® 
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11^.6 PLANE ANGIES. The SI unit for plane angle is the radian (rad), which is 
used primarily for calculations. The degree (of arc), minute, and second are used 
in limited applications. The degree (of arc) and decimal degrees are used in 
en^neering and construction applications. Slopes and gradients may be e^ressed 
as a ratio or as a percentage. For example, 26.57 degrees, the ratio 1:2, 50 
percent, and 0.4637 rad aU describe the same slope angle. See 11.3.1.3 for specific 
information on slopes related to construction. The following list summarizes the 
applications using each plane angle unit. 

a. radian (rad) calculations, slopes 

b. degree (®), minute (0, cartography and surveying; bearings shown 

second O on boimdaries and cadastral survey plans; 

geodetic surveying 

c. degree (°), decimal engineering and construction; general 

degree an gular measurement; angle of rotation, 

torsion, shear resistance, friction, and inter- 
nal friction; slopes 

11.2.7 TIME INTERVAL. The SI unit for time interval is the second. The units 
day and hour are acceptable alternatives. Minutes shall be avoided to reduce the 
number of tmits used. Therefore, the time unit in flow rates is the second or the 
hour. Also, avoid using the term month unless a specific calendar month is 
referenced. Calendar year refers to 365 da 3 rs (31 536 000 s). The following list 
summarizes the use of acceptable time units. 

a. second (s) time used in test methods; all calculations 

involving derived units with a time compo- 
nent (e.g., velodty, acceleration, flow rates, 
etc.^ period or periodic time; reverberation 
time, duration of sound 

b. hour (h), day (d), time used in test methods, all calculations 

year [annum (a)] involving labor time, plant hire, mainte- 

nance periods, etc. 

11.2.8 TEMPERATURE. Kelvin is tiie SI term for thermodynamic temperature 
and temperature interval. In kelvin, there are no negative temperatures. Degree 
Celsius (**C) is acceptable in calculations involving temperature interval since the 
degree Celsius is equal in magnitude to the kelvin, but the difference in values 
between the scale is 273.15 degrees, where **C = E - 273.15. Actual temperature 
measurements should normally be measured in degrees Celsius. The following list 
shows applications for each temperature unit. 
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a. kelvin (K) thermodynainic temperature; calculations 

involving units of temperature; calculations 
listing temperature intervals in heat trans- 
fer, thermal expansion, test methods, etc., 
particularly when compoimd units are rec- 
ommended 

b. degree Celsius (°C) meteorology and general applications; ambi- 

ent temperature values; calculations using 
temperature intervals in heat transfer cal- 
culations, temperature intervals in test 
methods, etc., but not when compound units 
are recommended 

c. 1/K or l/’C (coefficient expansion of materials subject to a change 

of linear thermal in temperature 

expansion) 

11.2.9 LINEAR DYNAMICS. The newton is an absolute derived unit of force. It 
is a practical unit that extends throu|d^ to units for pressure and stress, energy, 
work, quantity of heat, power, and electrical units. 

Avoid the term "wei^t" to eliminate confusion whether meaning force of gravity 
or mafig Weight has generally meant "mass" in commerdal and everyday use; 
"force of gravity," a particular force, usually refers to gravitational accderation, 
which varies on the earth's surface. Be dear when specifying mass or force. In 
dynamic calculations, use the equation F — m-a instead of W = m*g. Use the 
agnatimi Fg - m-g Only to determine the force due to gravity. For engineering 
design purposes, ASTM E621 recommends thatg equal 9.8 m/s (International 
Standard value is 9.806 65 m/s) because: (a) 9.8 m/s^ provides accurapy in nearly 
all instances; (b) fewer decimal places result as compared to using 9.81 m/s or 
9.806 65 m/s; and (c) it provides a more accurate product than using a factor of 10 
since it causes a greater error. Do not use kilogram-force (kgf); it is inconsistent 
with SL The following list siimmarizes applications for dynamics units. 

a. meters per second (m/s) calculations involving rectilinear motion, 

velodty and speed in general; wind velodty; 
velodty of fluids; pipe flow vdocity 

b. kilometers per hour wind speed; speed used in transportation, 

(km/h) and speed limits 

c. millimeters per hoxir rainfall intensity 

(mm/h) 
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d. kilogram meter per momentum in applied mechanics; evaluation 

second (kg-m/s) of impact and dynamic forces 

11.2.10 ROTATIONAL DYNAMICS. 

11.2.10.1 Angle. Angular Velocity, and Angular Acceleration . The SI units for 
angle, angular velocity, and an g ular acceleration are the radian (rad), radian per 
second (rad/s), and radian per second squared (rad/s*), respectively. When 
appropriate, use the dimensionless units of 1, 1/s, and 1/s^. Use radian per second 
for calculations involving rotational motion. Use meters per second squared for 
Idupmatirs an d calculation of dynamic forces. The recommended value of accelera- 
tion due to gravity (g) for use in the U.S. is 9.8 m/s*. 

11.2.10.2 Rotation . For rotational speed, the inoit hertz is used instead of cycles 
per second (cps). The rotational frequency or speed of rotation is in revolutions 
per second (r/s). This is widely used in the specification of rotational speed of 
madiinery. Use revolution per minute (r/min) only for slow-moving equipment. 

11.2.10.3 Moment of Force (Toroue. Bending Moment). The unit for torque is the 
newton meter. Note that the joule, also defined as a newton meter, should never 
be used for torque. Torque is a vector quantity and the joule represents the scalar 
quantity of work. In calculations, use newton meter per radian (N-m/rad) for 
torque. The newton meter, kilonewton meter, and meganewton meter are used for 
bending moment, torsional moment, overtumiDg moment, tightening tension for 
high-strength bolts, and torcpie in engine drive shafts, axles, and other similar 
applications. 

11.2.10.4 Moment of Inertia . The moment of inertia (/) is the mass distribution of 

a body about an axis, where I is equal to the sum of each mass (m) times the 
square of its distance (r) from the axis of rotation The SI unit for I is the 

kilogram meter per radian squared (kg-m*/rad*). The use of radian in the unit 
provides for dimensional consistency. 

11.2.10.5 Angular Mnmpntmn- The angular momentum or moment of momentum 
is thp linear momentum (kg*m/s) times the moment arm, in meters. The SI unit 
for angular momentum is the kilogram square meter per radian second [kg>m*/ 
(rad-s)]. For a rotating body, the angular momentum is equal to the moment of 
inertia (kg-m*/rad*) times the angular velocity ca m either rad/s or 1/s. 

11.2.10.6 Rotational Kinetic Energy and Work . The joule is the unit used for 
rotational kinetic energy, which is equal to one half of the moment of inertia times 
the square of the angular velocity (%/ <u*). Rotational work is also in terms of 
joules. The work is equal to the torcjue (in newton meters) times the angular 
rotation (in radians), which is the unit of newton meter radian (N-m>rad). 
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11^.10.7 Tnrsinnfll Stiffiiess. The torsioDal stif&iess, or torsion constant, is the 
applied torque, in newton meters, divided by the ang^e of twist in rad i a ns , 
resulting in newton meter per radian (N-m/rad). 

11^.10.8 Centripetal Force and Acceleration . Centripetal acceleration is either 
»^/r or Q^r, where v is tangential linear velocity in meters per second, r is the 
radius in meters, and <0 is the angular velocity (rad/s), measured in meters per 
second sqimred. Centripetal force is measured in newtons and is equal to the 
Tnasfi times the centripetal acceleration. 

11.2.11 PRESSURE, STRESS, AND ELASTIC MODULUS. The SI unit for 
pressure, stress, and elastic modulus is the pascal. Except where noted elsewhere 
in this section, use megapascal (MPa) instead of meganewton per square meter ^ 
(MNAn*) or newton per square millimeter (N/mm*) (1 MPa = 1 N/mm* = 1 MN/m ) 
and use kilopascal instead of kilonewton per square meter (kN/m*). Avoid usi^ 
the units bar and millibar. Gage pressure is equal to the absolute pressure minus 
the aTwKiPnt pressure, where the ambient pressure is usually atmospheric pres- 
sure. Absolute pressure is never negative. Gage pressure is positive if it is above 
the ambient pressure and negative if it is below (vacuum). For a vacumn, the 
designation should clarify whether negative gage pressure or absolute pressure is 
meant. For nameplates, graphs, and gages, imits of pressure are designated as 
"kPa (gage)" or ”kPa (absolute)," not kPag or kPaa, respectively. See 4.3.6 for 

information. The following list shows the various applications related 

to pressure. 

a. pascal (Pa) calculations; low differential pressure in 

fluids, duct pressure in air conditioning, 
heating, and ventilating systems; sound 
pressure as in instantaneous or peak sound 
pressure (previously expressed as a root- 
mean-square value); vapor pressure, vapor 
pressure difference, and vapor pressure drop 

b. kilopascal (kPa) uniformly distributed pressure Goads) on 

floors or under footings; soil bearing pres- 
STu:e; wind pressure Goads); snow loads, 
dead and live loads; pressure in fluids; flmd 
flow resistance in closed systems; differen- 
tial pressure in hig^i-pressure ventilation 
systems; lower pressure fluids. Where wind 
pressure, snow loads, dead and live loads 
are shown in kN/m^, change umts to kPa. 
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c. megapascal (MPa) as required for modulus of dasticity; hi|^er 

pressure fluids; stress (ultimate, proof, 
yield, permissible, calculated, etc.) in struc- 
tural materials; concrete and steel strength 
grade. 

d. gigapascal (GPa) modulus of elasticity in hi^-strength mate- 

rials 

e. micropascal (pPa) soimd pressure (20 pPa is the reference 

quantity for sound pressure level) 

f. square meter per newton compressibility for settlement analysis, 

(m^/N, or Pa'^) or coefficient of compressibility, and bulk 

mVkN (or kPa*^) compressibility 

g. pascal second (Pa-s) or d 3 mamic viscosity (shear stresses in fluids) 
mPa-s 

h. square meter per second kinematic viscosity in the computation of 

(jnVs) or mmVs Reynold’s number and settlement analysis 

(coefficient of consolidation) 

11.2.12 FORCE. The tmit for force is usually the newton or kilonewton. Applica- 
tions for each force unit are listed below. 

a. newton (N) calculations 

b. kilonewton (kN) columns, piles, ties, prestressing tendons, 

etc.; concentrated forces, axial forces; reac- 
tions; shear force, and gravitational force 
Goad) 

c. newton per meter (N/m) force-per-length calculations 

d. kilonewton per meter traverse force Goad) per length on a beam, 

(kN/m) column, etc.; force distributed in a linear 

direction 

11.2.13 ENERGY, WORK, QUANTITY OP HEAT. The unit of energy and work 
is the joule, which is equal to a newton meter (N-m) and a watt second (W-s). The 
joule replaces the British thermal unit (Btu), therm, calorie, kilocalorie, foot-pound 
force (ffilbf), and other energy and work units. Listed below are the energy and 
work units for particular applications. 
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a. joule (J), kJ, or MJ new electrical applications and new electri- 

cal systems; impact energy (work required 
to break a standard specimen); thermal 
energy calculations; enthalphy, latent heat, 
sensible heat 

b. kilowatthour (kWh) electrical applications using e x isti n g meters 

for electrical consumption 

c. joule per square meter impact strength and impact ductility 
(J/m*) 

d. joule per kilogram (J/kg) specific energy, specific latent heat, or 

or kJ/kg or MJ/kg combustion heat (mass basis) for heat of 

transition; specific sensihle heat and specific 
heat in psychrometric calculations; heat and 
energy contained in materials; combustion 
heat per mass; calorific value of fuels (mass 
basis) 

energy densily; sound energy density; 
combustion heat per volume 

calorific value of fuds (volume basis) 

heat capacity and entropy, particularly in 
the thermal behavior of materials; heat 
transmission calculations 

h. joule per kilogram kelvin thermal hehavior of materials; heat 
[J/(kg-K)] or kJ/(kg-K) transmission calculations 

11^.14 POWER AND HEAT FLOW RATE. The watt replaces such units as 
horeepower (electric, boUer) and foot pound-force per hour (ft-lb/h) (per noinute or 
per second) for general power, and the Btu per hour (Btu/h), calorie (or kilocalorie) 
per minute or per second, and the ton of refirigeration. The following fist identifies 
applications used with the various power uiuts. 

a. watt (W) or kW power in general (mechanical, electrical, 

thermal); input/output rating, etc., of mo- 
tors, engines, heating and v e n t i l a t i n g 
plants, and other equipment in general; 
heat flow through walls, windows, etc.; heat 


e. joule per cubic meter 
(J/m®) or kJ/m® 

f. megajoule per cubic meter 
(MJ/m®) 

g. joule per kelvin (J/K) 
orkJ/R 
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demand; active power (or useful power) of 
an ^ectrical circuit; sound energy flux, 
particularly for sound power and rate of 
flow of sound energy 

b. megawatt (MW) power input/output rating, etc., of heavy 

power plants 

c. picowatt (pW) sound power level (1 pW is the reference 

quantity for sound power level) 

d. watt per square meter power density, heat flux density, and 

(W/m^) irradiance tfa^u|^ walls and other heat 

transfer surfaces; heat transmission calcula- 
tions; soimd intensity 

e. watt per cubic meter heat release rate, particularly for rate of 

(W/m^) or kW/m^ heat release per volume over time (for gases 

and fluids) 

thermal conductivity, estimation of thermal 
behavior of homogeneous materials and 
systems; heat transmission calculations; 
thermal conductivity of structural and build- 
ing materials in fire-resistance testing, 
insulation, etc. 

thermal conductance in heat transfer 
calculations for buildings, building 
components and equipment; transmittance 
of construction elements; calculation of coef- 
ficients of heat transfer 

h. meter kelvin per watt thermal resistivity for heat transmission 

or m-°C/W calculations for materials and building ele- 

ments (reciprocal of thermal conductivity) 

i. square meter kelvin per thermal resistance for heat transmission 
watt (m®-KAV) or m^*®C/W calculations; rating of thermal insulating 

materials (thermal resistances are additive) 

- the "R" value 


g. watt per square meter 
kelvin [W/(m2-K)] or 
W/(m*.®C) 


f. watt per meter kelvin 
[W/(m-K)] or W/(m.«C) 
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11.2.15 MOISTURE MOVEMENT IN BUILDINGS. The unit "perm" is a specifi- 
cation of performance and is converted to the SI unit of kilogram per pascal 
second square meter D^G*a*s*m^]. The lower the value, the greater the retarda- 
tion of moisture movement. Do not use "metric perm" (g^24 h*m^>mmHg)^ it is not 
in SI units. 

Resistance to moisture movement is termed vapor resistance and vapor resistivity. 
Resistivity is additive, so the higher the value, the better the resistance to 
moistiu'e movement. Always mention the word "vapor" to dist inguis h it firom 
applications related to permeance and i>ermeability as used with electromagnetic 
fields. The following list itemizes other units used in moisture movement. 

a. microgram per pascal vapor permeance for transmission of 

se con d square meter moisture vapor through building elements 

[pg/(Pa*s*m*)l or (roofs, walls, floors), surface coefficient of 

n|/(Pa*S‘m^) vapor transfer in still or moving air. In 

some international situations, the area is 
cancelled out and the unit is kilogram x>^r 
newton second [kg/(N'S)]. 

vapor permeability, particularly for 
transmission of moisture vapor through a 
specified thickness of a homogeneous mate- 
rial or construction. In some international 
situations, the unit is in terms of kilogram 
meter i>er newton second [kg-m/(N*s)]. 

c. pascal second square vapor resistance 
meter per kilogram 
(Pa*s-m“/kg) 

d. megapascal second square 
meter per kilogram 
(MPa-s-m*/kg) or 
GPa*s-m^/kg 

e. pascal second meter per vapor resistivity 
kilogram (Pa-s-m/kg) 

f. megapascal second meter resitivity to moisture vapor tr ansm ission by 

per kilogram (MPa*s*m/kg) a specific thickness of a homogeneous 
or GPa*s*m/kg material or construction 


resistance to moisture vapor transmission 
by building elements; surfoce vajMr 
resistance in stOl or moving air 


b. microgram per pascal 

second meter [pg/(Pa-s-m)l 
or ng/(Pa-s-m) 
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11.2.16 SURFACE TREATMENT. Units for surface texture and coating is 
designated in micrometers, which is the correct SI name for the micron. Measure- 
ments in mils are to be converted to micrometers. 

11.2.17 FREQUENCY. Hertz is the primary unit for firequency of sound, firequen- 
cy bands or ranges, vibration, and shock, replacing the unit of cycles per second. 
Frequen<y of electromagnetic waves, power firequency for electric motors, and 
radio frequencies are in terms of hertz, kilohertz, or megahertz, as applicable. 

11.2.18 ELECTRICAL AND MAGNETIC UNITS. The following list summarizes 
the applications for the various electrical units. 

a. ampere (A) maintenance rating of an electrical installa- 

tion and leakage current, magnetomotive 
force, magnetic potential difference, and in 
other calculations involving magnetic cir- 
cuits 

b. ampere per meter (A/m) magnetic field strength in calculations of 

or kA/m magnetic circuitry such as transformers, 

magnetic amplifiers, and general cores 

c. ampere per square meter current density, i>articularly in the design of 
(A/m*) or kA/m* or A/mm* cross-sectional area of an electrical conduc- 
tor 

d. coulomb (C) voltage of a unit with capacitive-type char- 

acteristics related to the amount of charge 
present (for exanq>le, electrostatic precipita- 
tors) and for storage battery capacities 

e. volt (V) electric potential, potential difference, and 

electromotive force 

f. volt per meter (V/m) dectric field strength resulting in a poten- 

tial gradient; electrical parameters such as 
dielectric strength 

g. volt ampere (V-A) apparent power in an electrical circuit 

h. farad (F) capacitance in electronic components, elec- 

trical design and performance calculators 
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i. ohm (Q) 

j. ohm meter (Q-m) 

k. siemens (S) 

l. siemens per meter (S/m) 

m. weber (Wb) 

n. weber per meter (Wb/m) 

o. tesla (T) 

p. henry (H) 


resistance in electrical devices such as mo- 
tors, generators, heaters, electrical distribu- 
tion systems, etc. 

resistivity 

conductance, admittance, susceptance 

electrical conductivity 

magnetic flux, flux of magnetic induction 

magnetic vector potential 

magnetic flux density, magnetic induction 

self-inductance, mutual inductance, perme- 
ance; calculations involving transformers 


q. henry per meter (H/m) permeability (the relationship between the 

magnetic flux density and the magnetic 
fluid strength) 

r, 1/henry (1/H) reluctance of motors and generators 


11.2.19 LIGHTING. The following list summarizes the applications for the 
various lifting units. 


a. candela (cd) 


liiminous intensity 


b. rflndftifl per square meter luminance for the assessment of surflice 
(cdAn^ or cd/mm^ brightness; luminance; of li^t sources, 

lamps and light bulbs; calculation of ^are in 
lighting layouts 


c. lumen (Im) 


luminous flux of light sources, lamps, and 
light bulbs 


d. lumen seconds (lm*s); lm*h quantity of light 

e. lux (lx) illuminance as the luminous flux per area 

used in determination of illumination levels 
anti design/evaluation of interior lighting 
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layouts (outdoor dayli|^t illtimination on a 
horizontal plane ranges up to 100 klx) 

f. lumen per square meter luminous ezitance 
(Im/m*) 

g. lux second (Ix-s) li^t exposure 

h. lumens per watt (Im/W) luminous efficacy as in the rating of lumi- 

nous efficacy of artificial lig^t sources 

11^.20 ACOUSTICS. The standard reference value for sound pressure is 20 pPa. 
Do not use dyne for sound pressure. Sound pressure levels are generally shown in 
the nondimensional logarithmic unit decibel (dB) signifying the ratio of actual 
pressure to reference pressure. Sound pressure level is equal to the following 
equation: 


Lp = 20 logio actual nressure (Pa) 

20 X 10-* (Pa) 

The standard reference valtie for sound power is 1 pW. The sotmd power level is 
equal to the following: 


L -10 login actual pressure fW) 

20 X 10-“ (W) 

Picowatt per square meter is the imit used for sound intensify level. The stan- 
dard reference value for soimd intensify is 1 pW/rn^. Sound intensify is defined 
by the following equation. 

Li = 10 login actual intensity fW/m^ 

10 “ (W/m*) 

Spedfic acoustic impedance is in terms of pascal second per meter (Pa-s/m). 
Acoustic impedance and acoustic resistance is in pascal second per cubic meter 
(Pa-s/m®). 

11.3 CONSTRUCTION 

The following paragraphs discuss details particular to construction which are not 
already addressed in 11.2. Many types of products and materials are listed 
according to the respective engineering discipline. For additional information on 
construction products and materials, refer to the GSA‘s Metric Design Guide. 
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11.3.1 CIVIL. 

11.3.1.1 Products . Civil products that are unchanged in metric include caisson 
forms and reinforced concrete pipe. See 11.3.4.2 for discussion on pipe. 

11.3.1.2 Survey Measurements . When converting distances (in feet) and are^ (in 
squm4 feet) to SI, use the U.S. survey foot conversion. The U.S. survey foot is 
based on t-he defini tion where 1 foot equals 1200/3937 or 0.304 800 6 m. The 
geodetic surveys within the U.S. were originally performed using the old st an d ar d 
/l ofinitinn In 1959 the d efini tion for foot was chamged so that 1 foot equals 0.3048 
m exactly for all applications except surveying. See 11.2.1 and 11.2.2 for units 
used in surveying. Survey stations are equal to 1 km . 

The National (Jeodetic Survey (NGS) and the U.S. Geological Survey (USGS) have 
complete data bases of U.S. survey information in metric unite available for all 
survey and mapping required for metric design and construction in the U.S. 

11.3.1.3 Slones. Slopes are shown as nondimensional ratios. The vertical 
c or ni>onftnt. is shown first, then the horizontal component is showiL For example, 
a rise of 1 m in 4 m is expressed as 1:4. Always compare like unite, meters to 
meters, millimeters to millimeters, etc. For slopes less t han 45®, the vertical 

is unitary (e.g., 1:20). For slopes greater than 45®, the horizontal 
component is unitary (e.g., 5:1). 

11.3.1.4 Contour and Flevation . Contour intervals are usually 1000-nm, 500- 
mm, or 250-mm intervals, depending on the slope. Elevation is in millimeters. 
Soft convert benchmark elevations to millimeters. Some international drawings 
show contours in 0.5-m increments. 

11.3.1.5 Excavation . See 11.2.1 and 11.2.3 for unite used in excavation applica- 
tions. 

11.3.1.6 Paving . See 11.2.1 and 11.2.2 for unite used in paving applications. 

11.3.1.7 Concrete . Concrete strength designation changes are in megapascals 
(MPa) to the nearest 5-MPa increment, replacing the pound-per-square-in^ (psi) 
designation. The strength requirements are identical in both metric and mch- 
pound systems, just labeled in different umte. General purpose concrete for 
metric use is offered in four strengths, as compared to six available strengths for 
nonmetric applications. Table 11-2 shows equivalent values for concrete strength. 
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Table 11-2. Concrete Strength 


Previous 

(psi) 

Exact Conversion 
MPa 

Specify 

MPa 

2500 

17.23 

20 

3000 

20.67 

20 or 25 * 

3500 

24.12 

25 

4000 

27.56 

30 

4500 

31.01 

35 

5000 

34.45 

35 


* If code requires 3000 psi, then 25 MPa must be used; otherwise, it is 
a professional judgment whether to use 20 MPa or 25 l^a. 

11.2.1.8 Reinforcing Bar . Bar sizes are identified in accordance with ASTM 
A615M, ASTM A616M, ASTM A617M, ASTM A706M, or ASTM A775M. Reinforc- 
ing bar is offered in certain grades (e.g., A615M bar is grade 300 or 400), which 
corresponds to the yield strength in megapascals. For example, grade 300 has a 
yield strength of 300 MPa. General purpose rebar in metric is designated in Ai ghf. 
bar sizes, reduced firom the eleven nonmetric sizes. The nnminal reflects tha 
size of the bar in millimeters (e.g.. Number 20 bar is a nominal 20-mm size). 

Table 11-3 shows the nominal sizes of reinforcing bar for metric use. 


Table 11-3. Reinfordng Bar Sizes 


Nominal 

Actual 

Cross-Sectional 

Diameter 

Diameter 

Area 

(mm) 

(mm) 

(mm^ 

10 

11.3 

100 

15 

16.0 

200 

20 

19.5 

300 

25 

25.2 

500 

30 

29.9 

700 

35 

35.7 

1000 

45 

43.7 

1500 

55 

56.4 

2500 


11.3.2 ARCHITECTURAL. 

11.3.2.1 Products . Architectural products that wiU remain unchanged physically 
in metric umts include the following items: door hardware, elevators atiH escala- 
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tors, filing and shelving units, kitchen equipment, landscaping products, lavatory 
units, toilets and toilet partitions, paint products, resilient base, revolving en- 
trance doors, roofing members, systems fiuniture, and vertical blinds. The 
architectural planning module is 600 mm, which is the closest to the 24-inch size 
previously used. 

11.3.2.2 T, umber. Physical sizes of most Imnber products are identical in both 
metric and inch-pound units. Nominal size designations, not yet determined for 
metric usage, will reflect the measmement system used. Plywood and other wood- 
based pands may be available in hard metric sizes (e.g., 1200-nun or 2400-mm 
widths). 

11.3.2.3 Carpentry. Lengths are measured in meters and millimeters. 

11.3.2.4 Insulation. Batt insulation is sized to 400 mm and 600 mm, replacing 
the no minal sizes of 16 and 24 inches, respectively. The thickness of the insula- 
tion will not change. A friction fit may result when the metric-sized insulation is 
used because of the sHght changes in stud spacing. 

11.3.2.5 Doors and Windows . Standard metric doors heigd^ts are either 2050 mm 
or 2100 mm for 80-inch doors and 2100 mm for 84-inch doors. Door widths vary 
as listed in table 11-4. The thickness of the doors, the material, and hardware 
items are identical for metric- and inch-dimensioned doors. A common door size is 
900 mm by 2100 mm. 


Table 11-4. Door Widths 


inch-poimd 

metric (mm) 

2'-6" 

750 

2'-8" 

800 

2'-10" 

850 

3'-0" 

900 or 950 

3'-4" 

1000 


Dimensions for window glass are measured in millimeters. Glass thickness 
designations already represent the thickness of the glass in millimeters; therefore, 
there is no difference in identifying glass thickness in SI units. 

11.3.2.6 Drvwa ll. Drywall is resized for metric to be 1200 mm wide by either 
2400 mm or 3000 mm, replacing the 8- and 10-foot sizes, respectively. The 
thickness of the drywall remains the same physical size but is relabeled in 
millimeters to prevent recalculation of fire, acoustic, and thermal ratings. Specify 
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only the sheet length and width in hard metric. Thicknesses wiQ remain 12.7 mm 
and 15.9 mm Minimiinn orders may be as hi^ as 2400 sheets drywaU measuring 
1200 mm by 2400 mm. If hard metric size diywall can not be obtained, select an 
iT> cb - <^^mpn.«nnne d drywall and cut it to fit the metric stud spacing. 

11.3.2.7 RfmH Snaring. Stud spacing is either 400 mm, whidi replaces the 16-inch 
spacing, or 600 mm for the previously used 24-inch spacing. Other spacing of even 
multiples may be used to fit the sheet size. 

11.3.2.8 Sheet Metal. Sheet metal thickness should be identified in millimeters, 
not gage. The physical thickness of the metal is identical in both inch-pound and 
metric units, only the name is different. For danty, the gage designation should 
be followed by the minimum millimeter size in parentheses in specifications. See 
table 11-5 for gage size equivalents for sheet metal used in metric design. Table 
11.6 provides a more complete table of metal gage conversions. 


Table 11-5. Metric Sheet Metal Sizes 


Gage 

Inch 

Exact mm 

Specify Less 
Than Exact mm 

Percent 

Thirmer 

32 

0.0134 

0.3404 

0.34 

0.1 

30 

0.0157 

0.3988 

0.39 

2.2 

28 

0.0187 

0.4750 

0.47 

1.1 

26 

0.0217 

0.5512 

0.55 

0.2 

24 

0.0276 

0.7010 

0.7 

0.1 

22 

0.0336 

0.8534 

0.85 

0.4 

20 

0.0396 

1.0058 

1 

0.6 

18 

0.0516 

1.3106 

1.3 

0.8 

16 

0.0635 

1.6129 

1.6 

0.8 

14 

0.0785 

1.9939 

1.9 

4.7 

12 

0.1084 

2.7534 

2.7 

1.9 

10 

0.1382 

3.5103 

3.5 

0.3 

8 

0.1681 

4.2697 

4.2 

1.6 
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Table 11-6. Sheet Metal Gage Conversions 


Name 
Of Cirage 


Abbreviatxon 


American Or 
Browne & Sharpe 


B&S 


Aluminnm 


United Stales Standard 


U.S. Std. 


Pim^ NonferroiB ^t, Wre, [7?^ SS* SS)] 


Number 


Manufacturers Standard* 


Ferrous Sheet 


Uncoated | Galvanized 


Millimeter 


MiUimeter 


Millimeter 


Millimeter 


03 

.46875 


4/D’s 

0.4600 

11.684 

0.40625 

3/0’s 

2/0’s 

0.40% 

0.3648 

10.404 

9.266 


0 

0.3249 

8.252 

03125 

1 

0.2893 

7.348 

028125 

2 

0.2576 

6.543 

0265625 

3 

0.2294 

5.827 

025 

4 

0.2043 

5.189 

0234375 

5 

0.1819 

4.620 

021875 

6 

0.1620 

4.115 

0203125 

7 

0.1443 

3.665 

0.1875 

8 

0.1285 

3264 

0.171875 

9 

0.1144 

2.906 

0.15625 

10 

0.1019 

2.588 

0.140625 

11 

0.09074 

2.3048 

0.125 

12 

0.08081 

2.0526 

0.109375 

13 

0.071% 

1.8278 

0.09375 

14 

0.06408 

1.6276 

0.078125 

15 

0.05707 

1.44% 

0.0703125 

16 

0.05082 

12908 

0.0625 

17 

0.04526 

1.14% 

0.05625 

18 

0.04030 

1.0236 

0.05 

19 

0.03589 

0.9116 

0.04375 

20 

0.031% 

0.8118 

0.0375 

21 

0.02846 

0.7229 

0.034375 

22 

0.02535 

0.6439 

0.03125 

23 

0.02257 

03733 

0.028125 

24 

0.02010 

0.5105 

0.025 

25 

0.01790 

0.4547 

0.021875 

26 

0.01594 

0.4049 

0.01875 

27 

0.01420 

0.3607 

0.0171875 

28 

0.01264 

03211 

0.015625 

29 

0.01126 

02860 

0.0140625 

30 

0.01003 

02548 

0.0125 

31 

0.008928 

022677 

0.0109375 

32 

0.007950 

020193 

0.01015625 

33 

0.007080 

0.17983 

0.009375 

34 

0.006305 

0.16015 

0.00859375 

35 

0.005615 

0.14262 

0.0078125 

36 

0.005000 

0.12700 

0.00703125 

37 

0.004453 

0.11311 

0.006640625 

38 

0.003%5 

0.10071 

0.00625 

39 

0.003531 

0.08%9 

— 

40 

0.003145 

0.07988 

— 


12.7 

11.90625 

11.1125 

1031875 

9325 

8.73125 

7.9375 

7.14375 

6.746875 

6.35 

5.953125 

5.55625 

5.159375 

4.7625 

4.365625 

3.96875 

3.571875 

3.175 

2.778125 

238125 

1.984375 

1.7859375 

13875 

1.42875 

137 

1.11125 

0.9525 

0.873125 

0.79375 

0.714375 

0.635 

0355625 

0.47625 

0.4365625 

0.396875 

03571875 

03175 

03778125 

035796875 

0338125 

031828125 

0.1984375 

0.17859375 

0.16867188 

0.15875 



0.1943 

0.1793 

0.1644 

0.1495 

0.1345 

0 . 11 % 

0.1046 

0.0897 

0.0747 

0.0673 

0.0598 

0.0538 

0.0478 

0.0418 

0.0359 

0.0329 

0.0299 

0.0269 

0.0239 

0.0209 

0.0179 

0.0164 

0.0149 

0.0135 

0.0120 

0.0105 

0.0097 

0.0090 

0.0082 

0.0075 

0.0067 

0.0064 

0.0060 


6.073 

5.695 

5314 

4.935 

4354 

4.176 

3.797 

3.416 

3.038 

2.657 

2378 

1.897 

1.709 

1319 

1367 

1314 

1.062 

0512 

0.836 

0.759 

0.683 

0.607 

0331 

0.455 

0.417 

0378 

0343 

0305 

0367 

0346 

0329 

0308 

0.191 

0.170 

0.163 

0.152 


0.1681 

0.1532 

0.1382 

0.1233 

0.1084 

0.0934 

0.0785 

0.0710 

0.0635 

0.0575 

0.0516 

0.0456 

0.03% 

0.0366 

0.0336 

0.0306 

0.0276 

0.0247 

0.0217 

0.0202 

0.0187 

0.0172 

0.0157 


4.270 

3.891 

3.510 

3.132 

2.753 

2.372 

1.994 

1.803 

1.613 

1.461 

1.311 

1.158 

1.006 

0.930 

0.853 

0.777 

0.701 

0.627 

0.551 

0.513 

0.475 

0.437 

0.399 



For uncoated sheets, use manufacturers’ standard gage number, for galvanized sheets, gaWan^ sheet gage 
The equivalent thickness for galvanized sheet includes both the base metal and die coatmg on both suifa^. ^ listed 
values are based on a coating thickness of 0.094 mm (0.0037 in.), which is for die coating designation of G210. 
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11.3.2.9 Brick and Concrete Masonry Units. The standard metric brick is 90 mm 
by 57 tnnn by 190 mm. Mortar joints are 10 mm instead of the 3/8- and 1/2-in 
joints. The brick module is 600 mm by 600 mm replacing the 2- by 2-ft module. 
The material composition of bricks is identical in both SI and inch-pound systems. 
American modular brick is 92 mm by 57 mm by 194 mm (3-5/8 by 2-1/4 by 7-5/8 
in) with a 3/8-in joint, and 89 mm by 56 mm by 190 mm (3-1^ by 2-3/16 by 7-1/2 
in) with a 1/2-in joint. Three courses with 10-mm joints are equal to 201 mm, 
which is rounded to 200 mm. 

Metric concrete masonry units (CMU) are 190 mm by 190 mm by 390 mm (7-1/2 
by 7-1/2 by 15-3/8 in). Standard metric joints are 10 mm rather than 1/2 in. The 
metric CMU module is 600 mm by 600 mm. The material composition of CMU's is 
identical in both metric and inch-pound units. American modular block is 194 mm 
by 194 mm by 397 mm. Stacking nonmortar-joint block is 203 mm by 203 mm by 
406 mm. 

Masonry walls shall remain the same in thickness, for resisons of fire resistance 
and compressive strength. The height and length of the units are important only 
for appearance, ability to accommodate metric doors and windows, even courses 
for ties, rotmd dimensions between openings to facilitate construction, and for the 
weight of the unit for lifting by hand. In accordance with ASTM E621, specify 
masonry construction by wall area and thickness, rather than by specifying 
individual block sizes. 

11.3.2.10 Floors . For raised floors, the grids and lay-in tile are 600 mm by 600 
mm. Grid profiles, tile thickness, and support systems are identical in both metric 
and inch-pound units. 

11.3.2.11 Ceiliners . Metric ceiling grids, lay-in ceiling tile, air difiusers, and 
fixtures are sized to a standard 600 mm by 600 mm. A larger size option is 600 
mm by 1200 mm. Metric and inch-pound grid profiles, tile thicknesses, air difiiiser 
capacities, fluorescent tubes, and means of suspension are unchanged for metric 
usage. 

11.3.2.12 Paint and Plaster . Lengths are measured in meters or millimeters. 
Areas are measured in square meters. Water capacity is in liters for plaster 
applications and in liters or milliliters for painting. The unit for coverage is liters 
per square meter. 

11.3.2.13 Roofing . Dimensions are measured in meters or millimeters, areas are 
measured in square meters, and slope is meastured in millimeters per meter 
(mm/m). 
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11.3.3 STRUCTURAL. 

11.3.3.1 Structural Steel Sections and Decking. See 11.2 for the units used for 
length, mass, cross section, and other geometric properties of structural steel 
se ctions. Stress is in newtons per square millimeter (N^mm^ or megapascals 
(MPa). Joules are used to describe energy absorption as in requirements for 
impact tests. Moments are in newton millimeters (N*mm). 


There are no physical differences between metric and inch-pound cross sections, 
only the names reflect different measurement systems. The American Institute of 
Steel Construction (AISC) recommends using currently used steel shapes in metric 
dimensions according to ASTM A6/A6M with all calculations performed in metric 
to facilitate review. 

Steel tlArlriTtg win remain unchanged physicaUy. Table 11-7 shows the yield 
stresses of certain ASTM steel designations. 


Table 11-7. Yield Stresses of Steel 


ASTM 

Designation 

Yield Stress 
(N/mm*) 

YitAd Stress 
(Mpdn^ (approx.)] 

A36M 

250 

36 

A572 Gr 345 

345 

50 

A588M 

345 

50 

A582M 

485 

70 

A514M 

690 

100 


11.3.3.2 Structural Bolts . Structural bolts have metric-sized diameters and 
threads in accordance with ASTM A325M and ASTM A490M. Standard metric 
bolt sizes in millimeters are shown in table 11-8. 


Table 11-8. Standard Metric Bolt Sizes 


Metric Designation 

Diameter (mm) 

Diameter (in) 

M16 

16 

0.63 

M20 

20 

0.79 

M24 

24 

0.94 

M27 

27 

1.06 

M30 

30 

1.18 

M36 

36 

1.42 
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11.3.3.3 Floor Loading . Units for floor loading are dther kilograms per square 
meter (kg/m‘) or kilopascals GcPa), depending on whether the application is in 
terms of mass or force. These units replace the unit of pounds per square foot (psf 
or IMl^). Structural calculations are in kilonewtons per square meter (kN/m^ or 
kilopascals (kPa). Table 11-9 shows equivalent floor loadings. 


Table 11-9. Floor Loading 


Previous 

(psf) 

New 

(kPa) 

Percent 

Stronger 

50 

2.5 

4.4 

80 

4 

1.8 

100 

5 

4.4 

120 

6 

4.4 

150 

7.5 

4.4 

200 

10 

4.4 

250 

12 

0.2 

300 

15 

4.4 

350 

17 

1.4 

400 

20 

4.4 

450 

22 

2.1 

500 

24 

0.2 


11.3.4 MECHANICAL. 

11.3.4.1 Products . No physical changes are planned for the following mechanical 
items: air handling imits; boilers; chillers; fan coil units; punq)s of any l^pe; 
heating, ventilating, and air-conditioning QEIVAC) control systems; pipe; plumbing 
fixtures; pumps; and valves. Units used should be in accordance with the Ameri- 
can Society of Heating, Refiigerating, and Air Conditioning Engineers (ASHRAE) 
handbooks. 

11.3.4.2 Pine and Tubing . Piping and tubing previoudy identified by nominal 
pipe sizes (NFS's) in inches are identified by diameter nominal (DN) designations 
in metric. Thread sizes reflect metric thread designations. The cross sections of 
piping and tubing are identical in metric and indi-pound units. Steel and copper 
tubing will remain unchanged until further notice. Hard metric copper tube sizes 
are given in ASTM B88M, but this tubing may not yet be available in sufficient 
quantities for widespread use. Schedule designations (e.g., schedule 40, type K, L, 
M) remain unchanged. During the metric transition, put the following note and 
table on the cover sheet of mechanical drawings. 
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"ALL SIZES AKE INDUSTRY STANDARD ASTM A53 PIPE AND ASTM 
B88 TUBE DESIGNATED BY THEIR NOMINAL MILLIMETER (mm) 
DIAMETER EQUIVALENT. SEE CHART BELOW." 


Nominal Size 


Inch 

mm 

1/2 

15 

3/4 

20 

1 

25 

1-1/4 

32 

1-1/2 

40 

2 

50 

2-1/2 

65 

3 

80 

3-1/2 

90 

4 

100 

5 

125 

6 

150 

8 

200 

10 

250 

12 

300 


Table 11-10 shows additional nominal pipe sizes and some metric equivalents for 
ingiHe anti outside diameters and volumes for piping and conduit. T^ no minal 
sizes listed in the table apply to aU plumbing, natural gas, heating <^, drainage, 
and miRt^ailana mis piping used in most fluids applications. To identify pip^ or 
tnhing for metric use, write "DN* followed by the n ominal millime ter size. For 
example, DN40 is a nominal 40-mm (1-1/2 inches NPS) pipe or tube. 


The designation of the National Standard Pipe Taper (NPT) pipe thread is also 
used with the DN pipe size. For example, 3/4-inch NPT is DN20 NPT. 
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Table 11*10. Pipe, Tubmg, and Conduit Sizes 


u.s. 

NPS 

(inch) 

ISO 

DN 

(nun) 

Liside 

Diameter 

(mm) 

Outside 

Diameter 

(mm) 

Volume 

(L/m) 

1^8 

6 

6.8 

10.3 

0.0363 

3/16 

7 

- 

- 

- 

1/4 

8 

9.2 

13.7 

0.0665 

3/8 

10 

12.5 

17.1 

0.123 

1/2 

15 

15.8 

21.3 

0.196 

5/8 

18 

- 

- 

- 

3/4 

20 

20.9 

26.7 

0.343 

1 

25 

26.6 

33.4 

0.556 

1-1/4 

32 

35.1 

42.2 

0.968 

1-1/2 

40 

40.9 

48.3 

1.31 

2 

50 

52.5 

60.3 

2.16 

2-V2 

65 

62.7 

73.0 

3.09 

3 

80 

77.9 

88.9 

4.77 

3-1/2 

90 

90.1 

101.6 

6.38 

4 

100 

102.3 

114.3 

8.22 

4-1/2 

115 

- 

- 

- 

5 

125 

128.2 

141.3 

12.9 

6 

150 

154.1 

168.3 

18.6 

8 

200 

202.7 

219.1 

32.3 

10 

250 

253.2 

273.1 

50.4 

12 

300 

304.8 

373.9 

73.0 

14 

350 

- 

- 

- 

16 

400 

- 

- 

- 

18 

450 

- 

- 

- 

20 

500 

• 

- 

- 

24 

600 

- 

- 

- 

28 

700 

- 

- 

- 

30 

750 

- 

- 

- 

32 

800 

- 

- 

- 

36 

900 

- 

- 

- 

40 

1000 

- 

- 

- 

44 

1100 

- 

• 

- 

48 

1200 

- 

- 

- 

52 

1300 

- 

- 

- 

56 

1400 

- 

- 

- 

60 

1500 

- 

- 

- 


For pipe over 60 in, use 1 in equals 25 mm 
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11.3.4.3 Hpflting. Ventilating, and Air Conditioning. The temperature unit for 
HVAC systems is degrees Celsius, not degrees Fahrenheit. All other controls are 
identical in both metric and inch-pound units. E x isti n g HVAC systems may retain 
the Fahrenheit temperature designations if only part of the system is bemg 
renovated. All major manufacturers offer products in terms of Celsius tempera- 
tures. See 11.2 for units used in general HVAC applications. Other umts used in 
HVAC systems are to be used according to ASHRAE st andar ds. 

Diffusers and registers are hard metric to fit the metric c eiling grid systems. 
Ductwork is a custom product and is available in hard metric sizes (e.g., 300 mm 
by 600 mm). Roimd, flexible ductwork should be soft converted to metric. 

11.3.4.4 PlnmbiTipr. See 11.2 for units used in plumbing. 

11.3.4.5 Tlrflinacrp See 11.2 for units used in drainage applications. Slope is in 
millimeters per meter (mm/m). 

11.3.5 ELECTRICAL. 

11.3.5.1 Products . Electric products that will retain the same physical dimen- 
sions in metric include cable trays, conduit, fiber optic cables, fire alann systems 
anH pompoTiATite , junction boxes, motors, pandboards, receptacles, switches, 
switchgear, transformers, underfloor duct systems, and uninterruptable power 
supply (UPS) systems. Metric sizes of copper wire may eventually be used. See 

11.2 for units used in particular electrical applications. 

11.3.5.2 T.ipbting Fixtures. Hard metric lighting fixtures are available for lay-in 
type systems in 600-mm by 600-mm and 600-mm by 1200-mm sizes. It is recom- 
mended that the 600-mm by 600-mm size be used with sockete on only one end of 
the fixture with a compact tube or T-8 U-tube for higher efficiency. 

11.3.5.3 Elartrinal Wire. Cable, and Conduit . Electrical conduit is designated in a 
millimeter size instead of in nominal inches. The physical size or cross 

section of the conduit is identical in both metric and inch-pound units. See table 
11-10. for the inside and outside diameters for nominal sizes of conduit. During 
transition to metric, the cover sheet of the electrical drawings should include the 
following note and table. 

"ALL CONDUIT SIZES ARE INDUSTRY STANDARD ENGLISH SIZE 
CONDUIT DESIGNATED BY THEIR ROUNDED NOMINAL MILLIME- 
TER (mm) DIAMETER EQUIVALENT. SEE CHART BELOW." 
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Nominal Size 


Inch 

mm 

V2 

15 

3/4 

20 

1 

25 

1-1/4 

32 

1-1/2 

40 

2 

50 

2-1/2 

65 

3 

80 

3-1/2 

90 

4 

100 

5 

125 

6 

150 


£!lectrical wire is identified with the American Wire Gage (AWG) sizes and 
designations and is not anticipated to change to metric nominal sizes until ASTM 
B682 is available in metric. In the event that metric equivalence is necessary, 
possibly for international work, refer to table 11-11 for recommended wire gage 
conversions. Reference to the cross-sectional area of wire and cable sball be 
shown in kcmil, not MCM, for thousands of drcular mils since the letters M and C 
represent other quantities in SI. 


Table 11-11. Recommended Wire Gage Elquivalents (Brown & Sharpe 

or American)* 


1 Gage No. 

Equivalent Diameter 
(nun) 

♦* First Choice 
Sizes (mm) 

Second Choice 
Sizes (mm) 

1 28 

0.305 

0.315 

0.300 or 0.335 

26 

0.381 

0.355 or 0.400 

0.375 

24 

0.508 

0.500 

0.475 or 0.530 

22 

0.635 

0.630 

0.600 or 0.670 

20 

0.813 

0.850 

0.800 or 0.900 

18 

1.02 

1.000 

0.950 or 1.06 

16 

1.27 

1.25 

1.18 or 1.32 

14 

1.63 

1.60 

1.50 or 1.70 

12 

2.03 

2.00 

1.90 or 2.12 

10 

2.57 

2.50 

2.36 or 2.65 

8 

3.25 

3.15 

3.00 or 3.35 


* All metric size diameters conform to the Renard series of preferred numbers. 
** Sizes recommended by the International Mectrotechnical Commission (IBC). 
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Federal Re gister / VoL 56, Na 145 / Monday, July 29> 1991 / Presidential Documents 35801 

Presidential Documents 


Exacntiee Older 12770 of July 25» 1991 

Metric Usage in Federal Government Programs 


By the authority vested in me as President by the Constitution and the laws of 
die United States of America, including the Metric Conversion Act of X9T5. 
Public Law 94-168 (15 U.S.C. 205a et seq.) (**the Metric Conversion AcT). as 
amended by section 5164 of the Omnibus *^de and Competitiveness A^ of 
1988, Public Law 100-418 {*^e Trade and Competitiveness Act**], and in order 
to implement the congressional designation of the metric system of measure- 
ment as the prefnred system of wdghts and measures for United States trade 
and commerce, it is her^y ordered as follows: 

Section Coordination by the Department of Commerce, (a) The Secretary of 

Commerce C^Secretary^ is designated to direct and coordinate efforts by 
Federal departments and agencies to implement Government metric usage in 
accordance with section 3 of the Metric Conversion Act (15 U.S.C 205b). as 
amended by section 5184(b) of (he Trade and Con^ietitivenesa Act 

(b) In furtherance of hia duties under diis order, the Secretary is authorized: 

(1) to chaiter an Interagency Council on Metric Policy (*lCMPn« which will 
assist the Secretary in coordinating Federal Government-wide m^ilementation 
of thi« order. Conflicts questions regarding implementation of ffiis order 
shall be resolved by the ICh^. Tlie Secretary may establish such subcommit- 
tees and subdiairs within thia Council as may be necessary to carry out the 
purposes of this order. 

(2) to form sudi advisory committees representing other interests, including 
State and local governments and the business community, as may be neces- 
sary to achieve ^ mgyinniTP beneficial effects of this order; and 

(3) to issue guidelmes, to promulgate rules and regulations, and to take such 
actions as may be necessary to carry out the purposes of this order. Regula- 
tions promulgated by the Secretary shall function as policy guidelines for 
odier agencies and departments. 

(c) Tbe Secretary shall report to the President annually regarding the progress 
made in implementing thia order. The report shall include: 

(1) an asaesament of progress made by individual Federal agencies towards 
in^lementing die purposes underiying ti^ order; 

(2) an assessment of the effect that this order has had on achieving the 

goal of establishing the metric system as the preferred 83 rstem of 
weights and measures for United States trade and commerce: and 

(3) on October 1, 1992, any recommendations which the Secretary may have 
for fldditkynel measures, iwrfiiding proposed legislation, needed to achieve the 
foD economic benefits of metric usage. 

Sec. Z Department and Agency Responsibilities. All executive branch depart- 
ments and age ncie s of the United States Govenunent cure directed to take all 
appropriate measures within their authority to carry out the provisions of this 
order. with thia miMiQn, the head of each executive department 

and agency shall: 

(a) use. to the extent economically feasible by September 30, 1992, or by 
811 ^ other date or dates estaMished by the department or agency in consulta- 
tion with the Secretary of Commerce, the metric S 3 ^tem of measurement in 
Federal Government procurements, grants, and other buainess-related activi- 
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ties. Other business-related activities include all use of measurement units in 
agency programs and functions related to trade, industry, and commerce. 

(1] Metric usage shall not be required to the extent that such use is impractical 
or is likely to cause significant inefficiencies or loss of maricets to United 
States firms. 

(2} Heads of departments and agencies shall establish an effective process for 
a policy-level and program-level review of proposed exceptions to metric 
usage. Appropriate infonnation about exceptions granted shall be included in 
the agency annual report along with recommendations for actions to enable 
fiiture metric usage. 

(b) seek out ways to increase understanding of the metric system of 
measurement throu^ educational infonnation and guidance and in Govern- 
ment publications. The transition to use of metric units in Government publi- 
cations should be made as publications are revised on normal schedules or 
new publications are developed, or as metric publications are required in 
support of metric usage pursuant to paragraph (a} of diis section. 

(c) seek die appropriate aid, assistance, and cooperation of other affected 
parties, induding other Federal State, and local agencies and the private 
sector, in implementing this order. ^>propriate use shall be made of govern- 
mental trade, professional and private sector metric coordinating groups to 
secure the mayimifm benefits of this order through proper communication 
among affected sectors. 

(d) formulate metric transition plans for the department or agency which 
sh^ incorporate the requirements of the Metric Conversion Act and this 
order, and which shaJl be approved by the department or agency head and be 
in effect by November 30, 1991, Copies of approved plans shall be forwarded 
to the Semtary of Commerce. Such metric transition plans shall specify, 
among other diings: 

(1) die total scope of die metric transition task for that department or agency, 
induding firm dates for all metnc accomplishment milestones for the current 
and subsequent fiscal year; 

(2) plans of the department or agency for specific initiatives to enhance 
cooperation with industry, e^>ecially small business, as it voluntarily converts 
to the metric system, and wiffi all i^ected parties in undertaking the require- 
ments of paragraph (a) of this section; and 

(3) specific steps and associated sdiedules through which the department or 
agency will seek to increase understandix^ of the metric system through 
educational information and guidance, and in department or agency publica- 
tions. 

(e) designate a senior4evel offidal as the Metric Executive for the depart- 
ment or agency to assist die head of each executive departaent or agency in 
Implementing order. The responsibilities of the Metric Executive shall 
indude, but not be limited to: 

(1) acting as the departmenfs or agency's policy-level representative to the 
ICMP and as a liaison widi other government agendes and private sector 
groups:' 

(2) management oversight of department or agency outreach and response to 
inquiries questions from affected parties during the transition to metric 
system usage; and 

(3) management oversight of preparation of the department’s or agency's 
metric transition plans and progress reports, induding the Annual Metric 
Report required by 15 U.S.C. 205j and OMB Circular A-11. 

(4) preparation by June 30, 1992, of an assessment of agency progress and 
problems, together with recommendations for steps to assure successful imple- 
mentation of the Metric Conversion Act The assessment and recommenda- 
tions shall be approved by the head of the department or agency and provided 
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to the Secretary by June 3a 1992. for inclusion in the Secretary’s October 1, 
1992. report on implementation of this order. 

Sec. 3. Application of Resources. The head of each executive department and 
agency shall be responsible for implementing and applying the necessary 
resources to accomplish the goals set forth in the Metric Conversion Act and 
this order. 

Sec. 4. Judicial Review. This order is intended only to improve the internal 
TnuTiiiggTff ^t of the executive branch and is not intended to create any right or 
benefit, substantive or procedural, enforceable at law by a party ag ain st the 
United States, its agencies, its officers, or any other person. 


{FR Dec. 81-18Q2S 
FUed 7-a^ aes pn] 
BOUot code 3U54a-M 


THE WHITE HOUSE, 
July 25, 1991. 
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APPENDIX B 
HISTORY OF SI 

This app6ndix providss brief sumniaries of events thHt occurred in the develop- 
ment of SI and of biographical data for persons whose names are used for SI unit 

names. 

BJ CHRONOLOGICAL EVENTS 

1790’s The National Assembly of France requested the French Academy of 
Sciences to "deduce an invariable standard for all the measures and 
all the weights" to replace poorly related measurement units then 
used. The Commission appointed by the Academy assigned the name 
metre (meter) (derived from the Greek word metron, me aning "a 
measure") to the unit of length. The metric unit of mass, a gram, 
was defined as the mass of one cubic centimeter of water at its 
temperature of marimum density. The metric umt of fluid was the 
cubic decimeter. 

Thomas Jefferson described England’s weights and measures stan- 
dards to Congress and outlined a decimal system of wei^ts and 
measures of his own conception. 

1821 John Quincy Adams recommended to Congress that it act to bring 

about uniformity in weights and measures and descaibed France’s 
metric system as praiseworthy. 

1840 France made the metric system compulsory. 

1866 By an Act of Congress (Kassen Act), it was made "lawful throughout 

the United States of America to employ the weights and measin^s of 
the metric system in all contracts, dealings or court proceedings." 

1875 The "Treaty of the Meter" set up weU-defined metric standards for 

length and mass. Known as the Metre Convention (International 
Metric Convention), it established the General Conference on Weights 
and Measures (Conference G6n6rale des Poids et Mesures) (CGPM) 
and the International Bm-eau of Weights and Measures (IBWM), its 
administrative arm based in Sevres, France, near Pans. The Metre 
Convention determined base units for length, area, volume, capacity, 
anft mass (based on centimeter, gram, and second - thus the <^s 
system). This treaty was signed by 17 countries, induding the 
United States. 
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1893 All standard U.S. measures were defined in terms of the metric units. 

1900 A total of 35 nations, including the nugor nations of contmental 

Europe and most of South America, had officially accepted the metric 
S 3 TstenL Units began to be based on meter, kilogram, and second - 
thus the MES system. 

1902 Congressional legislation requiring the Federal government to use 

metric exclusively was defeated by one vote. 

1935 The International Electrotechnical Commission formally adopted the 

MES (meter-kilogram-second) Qrstem and induded the ampere as the 
base unit of electrical current (MESA system). 

1948 The CGPM instructed the International Committee on Weights anH 

Measures (Comity International des Poids et Mesures) (CIPM) to 
"study establishment of complete set of rules for units of measure- 
ment.. .to find out for this purpose, by official inquiry, the opinion 
prevailing in sdentific, technical, and educational drdes in aU coim- 
tries;" and "to make recommendations on the establishment of a 
practical system of tmits of measurement suitable for adoption by all 
signatories to the Meter Convention." 

1950’s The CGPM initiated the adoption of seven base units: length, mass, 
time, electric current, thermodynamic temperature, amount of sub- 
stance, and luminous intensity. A committee of the Organization of 
American States proposed that the Metric S 3 rstem be adopted 
throughout the Western Hemisphere. Later, Australia, Canada, New 
Zealand, South Africa, the United IGngdom, and the United States 
adopted common standards for the inch-pound system in metric 
terms. One inch was made equivalent to 2.54 centimeter and 1 
poimd was made equivalent to 0.453 592 37 kilogram. 

1960’s The CGPM adopted the name Intemational Sl^tem of Units (SD arxl 
laid down rules for prefixes, derived and supplementary units, etc.; 
meanwhile, Japan converted to the metric S 3 rstem of measiuement 
and the British Board of Trade announced that the government 
consider it desirable to adopt metric units in the United Eingrlnni, 
with a target date of 10 years. New 2jealand b^an an 8-year conver- 
sion to metric units. In the U.S., an Act providing for a 3-year pro- 
gram to determine the impact of increasing the use of the metric 
system was passed by Congress and signed into law by the President. 


B-4 


KSC-DM-3673 


1970’s Australia announced plans for a 10-year change over to SI metric 
measurement, and Canada announced a commitment to the metric 
conversion. 

The comprehensive report on the U.S. Metric study titled A Metric 
America: A Decision Whose Time Has Come was released. The U.S. 
Senate by voice vote passed the Pdl Bill dealing with metric conver- 
sion; but, the House did not act on the legislation. The American 
National Standards Institute established the American National 
Metric Council with ofdces in Washington, D.C. Congress passed the 
first official legislation concerning conversion to the metric system as 
part of Public Law 93-380, to erctend and amend the Elementary and 
Secondary Education Act of 1965. Under Section 403 of this Act, it 
states "the metric system of measurement will have increased use in 
the United States, and as such, the metric system will become the 
dominant system of weights and measures in the United States." 
Later, the Metric Conversion Act of 1975 encouraged the use of the 
metric system in business and industrial applications. 

1980’s The Omnibus Trade and Competitiveness Act of 1988 (Public Law 

100-418) amended the Metric Conversion Act of 1975 and established 
the modem metric S 3 ^tem (SI) as the preferred system of measure- 
ment in the U.S. 

1991 Executive Order 12770 signed by President George Bush manda ted 

the use of SI by the Federal government. 

B.2 BIOGRAPHICAL INFORMATION 

B.2.1 AMPERE, ANDRE MARIE (1775-1836). French physicist and mathemati- 
cian. Ampere demonstrated experimentally that currents exert magnetic forces on 
each other and established that a magnet is equivalent to a distribution of 
currents. He derived Ampere’s law and the equation for the force exerted by a 
magnetic field on a current element. 

B.2.2 BECQUEREL, ANTOINE-HENRI (1852-1908). French physicist. Becquerel 
discovered radioactivity in uranium. 

B.2.3 CELSIUS, ANDERS (1701-1744). Swedish astronomer. Celsius constmcted 
the thermometer, originally setting 0 °C as the boiling point of water and 100 °C 
as the freezing point of water. Later, the scale was reversed to set the freezing 
point and boiling point at 0 ®C and 100 °C, respectivdy. 
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B.2.4 COULOMB, CHARLES AUGUSTIN DE (1736-1806). French physicist. He 
invented the torsion balance and established that the electric force between small 
charged balls obeys an inverse-square law. 

B.2.5 FARADAY, MICHAEL (1791-1867). English phyndst and chemist. 

Faraday introduced the concept of field lines and recognized that electric and 
magnetic fields are physical entities. 

B.2.6 HENRY, JOSEPH (1797-1878). American experimental physicist Henry 
made important improvements in electromagnets by winding coils of insulated 
wire around iron pole pieces and invented an electromagnetic motor and a new, 
efficient telegraph: He discovered self-induction and investigated how currents in 
one circuit induce currents in another. 

B.2.7 HERTZ, HEINRICH RUDOLPH (1857-1894). German physicist Hertz 
supplied the first experimental evidence for the dectromagnefic waves predicted 
by Maxwell’s theory, generated these waves by means of an electric spark, 
measured their speed and wavelength, and estabhsbed their similarity to Ught 
waves in the phenomena of reflection, refiraction, and polarization. 

B.2.8 JOULE, JAMES PRESCOTT (1818-1889). En^ish physicist Joule 
established experimentally that heat is a form of mechanical energy and made the 
first direct measurement of the mechanical equivalent of heat Jorde also provided 
empirical proof of the general law of conservation of energy. 

B.2.9 KELVIN, LORD WILLIAM THOMSON (1824-1907). British physicist and 
engineer. Besides inventing the absolute temperature scale, he was the first to 
state the principle of dissipation of energy incorporated in the Second Law of 
Thermodynamics. 

B.2.10 NEWTON, SIR ISAAC (1642-1727). En^^ish mathematician and physicist 
Newton identified the laws of motion and the law of universal gravitation and 
demonstrated that planets in the sky as wdl as bodies on the Earth obey the same 
mathematical equations. He shares the credit for discovering the calculus method. 

B.2.11 OHM, GEORG SIMON (1787-1854). German phpidst Ohm was lead to 
his law by an analogy between the conduction of electridly and the conduction of 
heat: the electric field is analogous to the temperature gradient and the electric 
current is analogous to the heat flow. 

B.2.12 PASCAL, BLAISE (1623-1662). French sdentist. Pascal is regarded as 
the foimder of modem probability theory. In physics, he performed experiments 
on atmospheric pressure and on the equilibrium of fluids. 
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B.2.13 SIEMENS, ERNST WERNER VON (1816-1892). (Jerman elec^cal 
engineer atiH inventor. Siemens developed tdegrsiphy and the self-acting dynamo. 

B.2.14 TEST .A, NIKOLA (1856-1943). American electrical engineer and inventor. 
Tesla made contributions in high-voltage technology, ra ngin g from new motors and 
generators to transformers and a system for radio transmission. Tesla designed 
the power-generating station at Niagara Falls. 

B.2.15 VOLTA, CONTE ALESSANDRO (1745-1827). Italian physicist. Volta 
developed the first "voltaic pile," or battery, consisting of a large stack of moist 
discs of cardboard (electrolyte) sandwiched between discs of metal (electrodes). 

B.2.16 WATT, JAMES (1736-1819). Scottish inventor and engineer. Watt 
modified and improved an earlier steam engine design and introduced horsepower 
as a unit of mechanical power. 

B.2.17 WEBER, WILHELM EDUARD (1804-1891). German physicist. Weber 
■^yorked on problems in magnetism and devised a system of umts for electric and 
magnetic quantities. 
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APPENDIX C 

METRIC DOCUMENTATION 


The documents listed in this appendix are Government and nongovenunent 
(indtistry) publications that contain guidelines for using SI. 

C.l GOVERNMENTAL 


John F. Kennedy Space Center (KSC). NASA 

NMI 8010.2 Use of the Metric System of Measurement 

in NASA Programs 

KMI 8010.2 Use of the Metric System of Measurement 

in KSC Facilities, Systems, and Equipment 


KHB 8010.2 KSC Metiic Transition Plan 

DE-MI 8010.2 Metric System 

Federal Standard (FED-STD) 

FED-STD-376A Preferred Metric Units for General Use by 

the Federal Government 


National Institute of Standards and Technology (NIST) 


NIST LC 1120 

NIST Special Publication 
304 


Guidelines for the Use of the Modernized 
Metric System 

The Modernized Metxic System - 
International System of Units 


NIST Special Publication International System of Units (SI) 
330 


NIST Special Publication Guide for the Use of the International 
811 System of Units 


NIST Si>ecial Publication Interpretation of the SI for the United 
814 States and Metric Conversion Policy for 

Federal Agencies 
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(Available from the Superintendent of Documents, U.S. (government Printing 
Office, Washington, DC 20402.) 

Publication SP-7012 


PubUcation SP-7012, 
NASA, 1973, 

EA. Mechtly 


The International System of Units - 
Physical Constants and Conversion 
Factors 


U.S. Department of Defense 


MIL-STD-1476 


Metric System ^plication in New Design 


SD-10 


Guide for Identification and Development of 
Metric Standards 


(Available from Standardization Documents Order Desk, Bldg. 40, 700 Robbins 
Avenue, Philadelphia, PA 19111-5094.) 

U.S. (jeneral Services Administration (GrSA) 

Metric Design Guide 

National Stock Number Guide to Commonly 
Used Metric Tools 


Standardization and Control of Industrial- 
Quality Tools 

(Available from Federal Supply Service, Washington, DC 20406) 

U.S. GovamTnftnt Printing Office 

Metric Conversion Policy 15 CFR Part 19, Subpart B. Federal Regis- 
for Federal Agencies; Rule ter, January 2, 1991 

Metric System of Measure- Federal Register, December 20, 1990 
ment: Interpretation of the 
International S 3 ^tem of 
Units for the United States; 

Notice 


(Available fi:um the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D(3 20402.) 
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C.2 NONGOVERNMENTAL 

Aerospace Industries Associa tioTi nf America. IncTNatioiial Aerospace 
Standards 

NAS 10000-77 NA Documents Preparation and Maintenance on SI 

(Metric) Units. A style guide to prepare National Aero- 
space Standards Using SL 

NAS 10001-85 Preferred Metric Units for Aerospace. A listing of pre- 
ferred SI units for many quantities used in aerospace 
work, their conversion factors, and style rules. 

(Available from the Aerospace Industries Association of America, Inc., 1250 Eye 
Street, N.W., Washington, DC 20005) 

Ampriran Assnciation of State Highway and Transportation OflBcials 
(AASHTO) 

AASHTO R 1-77 Standard Metric Practice Guide 

Guide to Metric Conversion 

Standard Specifications for Transportation 
Materials 

(Available from AASHTO, 444 N. Capitol Street, N.W., Washington, DC 20001.) 
AmericaTi Concrete Institute (ACD 

ACI 318M-89/318RM-89 Building Code Requirements for Reinforced 

Concrete and Conunentary 

ACI 318.1M-89/ Building Code Requirements for Metric 

318.1RM-89 Structural Plain Concrete and Commentary 

(Available firom ACI, P.O. Box 19150, Detroit, MI 48219.) 

American Congress on Siirveving and Mapping 

Metric Practice Guide for Surveying and 
Mapping 
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(Available from American Congress on Surveying and Mapping, 5410 Grosvenor 
Lane, Stdte 100, Bethesda, MD 20814.) 

Amerir-an Forest and Paper Association (formerly National Forest Products 
Association) 


Lumber and Wood Products Metric Pl anning 
Package 

(Available from American Forest and Pai)er Association, 1250 Connecticut Ave., 
N.W., Washington, DC 20036.) 

American Institute of Architects (AIA) 

AIA MASTERSPEC. Available in 1993. 
Contains dual units. 

AIA Pocket Metric Guide. Available in June 
1993. 

The Architect’s Studio Companion: Techni- 
cal Guidelines for Preliminary Design. By 
Edward Allen and Joseph lano. Indudes 
dual units. 

Architectural Detailing: Function, Con- 
structability, and Aesthetics. By Edward 
Allen. Ihdudes dual units. Available with 
Architect's Studio Companion. 

Architectural Graphic Standards. A metric 
edition is not due for several years, but 
current editions indude a comprehensive 
section on metric conversion. 

Fundamentals of Building Construction: 
Materials and Methods. By Edward Allen. 
Indudes dual imits. 

Neufert Architect's Data. By Ernst Neufert. 
Second International (metric) Edition (Ger- 
many). 
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Wiley Engineer’s Desk Beference. By S.I. 
Heisler. Includes dual units. 

(Available from AT A Bookstore, 1735 New York Avenue, N.W., Was hin gton, DC 
20006. All but the AIA Pocket Metric Guide are published by John Wfley & Sons, 
Professional Reference and Trade Group, 605 Third Ave., New York, NY 10158.) 

American Institute of Steel Construction 

Manual of Steel Construction, Metric Edi- 
tion. To be published in 1994. 

Metric Conversion: Load and Resistance 
Factor Design Specification for Structural 
Steel Buildings 

Metric Properties of Structural Shapes with 
Dimensions According to ASTM A6M. Met- 
ric version of Part I of the M a nu al of Steel 
Construction. 

(Available from Metric Publications, 1 East Wacker Dr., Suite 3100, Chicago, IL 
60601-2001.) 

Amarican National Metric Council (ANMC) 

ANMC Metric Editorial Guide 

Managing Metrication in Business and In- 
dustry 

Metric Guide for Educational Materials 
SI Metric Training Guide 

(Available fi-om ANMC, 1735 N. Lynn St., Suite 950, Arlington, VA 22209.) 
Amarican National Standards Institute (ANSD 


ANSI B4.2-78 


ANSI B4.3-78 


Preferred Metric Limits and Fits 

Metric Dimensioned Products, (general Tol- 
erances for 
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ANSI X3.50 Representations for U.S. Customary, SI, and 

Other Units To Be Used in Systems with 
Limited Character Sets 


ANSI Y14.6aM Metric Supplement (to ANSI Y14.6, Screw 

Thread Representation) 

(Available from ANSI, 11 West 42nd Street, New York, NY 10036.) 


AmeriRan Society for Testing and Materials (ASTM) 


Use of Metric Units of Measure for Report- 
ing Properties of Refractoiy Materials, 
Practice for (Committee C-8 Supplement to 
E380) 

Standard Practice for Use of the Interna- 
tional System of Units (SI) (the Modernized 
Metric System) 

Guide for Dimensional Coordination of Rec- 
tilinear Building Parts and Systems 

Standard Practice for the Use of Metric (SI) 
Units in Building Design and Construction 
(Committee E-6 Supplement to E380) 

ASTM E713 Standard Guide for Selection of Scales for 

Metric Building Drawings 

ASTM E835 Guide for Dimensional Coordination of 

Structural Clay Units, Concrete Masonry 
Units, and Clay flue Linings 

ASTM STP 565 Evolution of the International Practical 

Temperature Scale of 1968 

See the Annual Book of ASTM Standards for the following ASTM-related material 
references: 


ASTM C899 

ASTM E380 

ASTME577 
ASTM E621 


Abbreviated Metric Practice Guide for the 
Roofing Industry (Volume 04.04) 
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Condensed Metric Practice Guide for Corro- 
sion (Volume 03.02) 

Guidelines for Metrication in the Field of 
Electrodeposition and Related Processes 
(Volume 02.05) 

Guidelines for SI Conversion of Units in the 
Field of Flexible Barrier Materials (V olume 
15.09) 

Metric Practice Guide for Cement (Volume 
04.01) 

Metric Practice Guide for Concrete and 
Concrete Aggregates (Volume 04.02) 

Suggested SI Units for Textile (Volume 
07.01, Volume 07.02) 

(Available from ASTM, 1916 Race Street, Philadelphia, PA 19103.) 

American Society of Agricultural Engineers (ASA E) 

ASAE EP285.7-90 Use of SI (Metric) Units 

(Available from ASAE, 2950 Niles Road, St Joseph, MI 49085.) 

American Rncietv of Heating. Refrigerating, and Air-Con ditioning Engineers 
(ASHRAE) 

ASHRAE CH37-85 Units and Conversion (ASHRAE Handbook - 

Fundamentals of SI) 

Psychrometric Charts SI (Charts 1 through 
7) 

SI for HVAC&R 

1988 Handbook -- Equipment (Includes dual 
units) 

1989 Handbook - Fundamentals (SI edition) 
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1990 Refirigeration Haiidbook (SI edition) 

1991 Handbook - HVAC Applications (SI 
edition) 

1992 Handbook HVAC Systems and 
Equipment (SI edition) 

(Available fi:om ASHRAE, 1791 TuUie Cirde, N J!., Atlanta, GA 30329. All 
ASHRAE standards are piiblished in metric or willi dual units. ASHRAE plans to 
discontinue the use of indi-poimd units by the year 2000.) 

Ameriran Society of Mechanical Engineers (ASME) 


ASME SI-1-82 

Orientation and Guide for Use of SI (Metric) 
Units 

ASME SI-2-76 

SI Units in Strength of Materials 

ASME SI-3-76 

SI Units in Dynamics 

ASME SI-4-76 

SI Units in Thermodynamics 

ASME SI-5-76 

SI Units in Fluid Mechanics 

ASME SI-6-76 

SI Units in ISnematics 

ASME SI-7-77 

SI Units in Heat Transfer 

ASME SI-8-76 

SI Units in Vibration 

ASME SI-9-81 

Guide for Metrication of Codes and Stan- 
dards Using SI (Metric) Units 

ASME SI-10-76 

Steam Charts, SI (Metric) and U.S. Custom- 


ary Units 


ASME Steam Tables in SI (Metric) Units for 
Instructional Use 

(Available from ASME, 345 East 47th Street, New York, NY 10017 or from 22 
Law Drive, Fairfield, NJ 07007. AU other ASME standards, except the Boiler and 
Pressure Vessel Code, are published either in separate SI editions or with dual 
units.) 
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AnrtAriftfln Welding Society (AWS) 

AWS A1.1 Metric Practice Guide for the Welding Indu- 

stry 

(Avaflable from AWS, 550 N.W. Lejeune Road, P.O. Box 351040, Miami, FL 
33135. All AWS standards include dual imits.) 

BPS Professional Books, Oxford. U.K. 

Neufert Architect's Data. By Ernst Neufert, 
2d International (metric) Edition 

(Available fium the AIA Bookstore, 1735 New York Avenue, Washington, DC 
20006.) 

Ttiiililmg Offlriflls and Code Arlmimstrators (BOCA) International 

BOCA National Building, Fire Prevention, 
Mprhaniral, and Plumbing Codes 

(Available fiem BOCA, 4051 W. Flossmoor Rd., Country Club Hills, IL 60477- 
5795.) 


On-nstnirtion Specifications Institute (CSD 

CSI SPECTEXT. Contains dual \inits. All 
other CSI publications contain dual units or 
are being converted. 

(Available from CSI, 601 Madison St., Alexandria, VA 22314-1791.) 

For Good Measure 

By William D. Johnstone, a complete com- 
pendium of international weights and mea- 
sures. 

(Available from Holt, Rinehart and Winston, New York.) 
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Hardwood Plywood Manufacturers Association 

Interim Voluntary Standard for Hardwood 
and Decorative Plywood. Includes dual 
units. 

(Available from Hardwood Plywood Manufacturers Association, Box 2789, Reston, 
VA 22090-2789.) 

Industrial Fasteners Institute 


Metric Fastener Standards 

(Available from Industrial Fastenei^ Institute, 1105 East Ohio Building, 1717 E. 
9th St., Cleveland, OH 44114.) 

Institute of Electrical and Electronics Engineers (IEEE) 

IEEE 260 Standard Letter Symbols for Units of Mea- 

surement (SI Units, Customary Inch-Poxmd 
Units, and Certain Other Units) 

ANSI/IEEE STD 268 American National Standard for Metric 

Practice 

IEEE 945-84 Recommended Practice for Preferred Metric 

Units for Use in Electrical and Electronics 
Science and Technology 

Units and Conversion Charts, by Theodore 
Wildi 

(Available from IEEE, 345 E. 47th Street, New York, NY 10017 or from 445 Hoes 
Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.) 

International Conference of Building OfiSdals 

Uniform Building, Eire, Mechanical, and 
Plumbing Codes. The 1994 editions will be 
published with dual units. 

(Available from International Conference of Building Officials, 5360 South Work- 
man Mill Rd., Whittier, CA 90601.) 
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Tntftmfltional Organization for Standardi zation (ISO) 


ISO 1000 
ISO 2955 


SI Units and Recommendations for the Use 
of Their Multiples and Certain Other Units 

Information Processing - Representation of 
SI flnH Other Units for Use in Systems with 
Limited Character Sets 


ISO 31/0-1974 


ISO 31/1-1978 


General Introduction to KO 31 - General 
Principles Concerning Quantities, Units and 
Symbols 

Quantities and Units of Space and Time 


ISO 31/n-1978 


Quantities and Units of Periodic and Relat- 
ed Phenomena 


ISO 31/m-1978 
ISO 31-IV-1978 
R31-Part V-1965 

ISO 31/VI-1973 

ISO 31/VH-1978 
ISO 31/Vm-1973 

ISO 31/TX-1973 

ISO 31/X-1973 

ISO 31/XI-1978 

ISO 31/XII-1975 


Quantities and Units of Mechanics 

Quantities and Units of Heat 

Quantities and Units of Electricity and 
l^gnetism 

Quantities and Units of light and Related 
Electro-Magnetic Radiations 

Quantities and Units of Acoustics 

Quantities and Units of Physical Chemistry 
and Molecular Physics 

Quantities and Units of Atomic and Nuclear 
Physics 

Quantities and Units of Nuclear Reactions 
and Ionizing Radiations 

Mathematical Signs and Symbols for Use in 
f.hp Physical Sciences and Technology 

Dimensionless Parameters 
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ISO 31/Xni-1975 Quantities and Units of Solid State Physics 

ISO 370-1975 Conversion of Toleranced Dimensions from 

Inches into Millimetres and Vice Versa 

[Available in the United States from American National Standards Institute 
(ANSI), 11 West 42nd Street, New York, NY 10036J 

National Environmental Balanciiny Bureau 


Fundamentals, Air Systems, and Hydronic 
Systems guides. Available in metric edi- 
tions: 


Environmental Systems Technology (20 
chapters) Chapter 2-84, Fundamentals; 
Chapter 6-84, Air Distribution Systems; and 
Chapter 7-84, Hydronic S 3 rstems 

Procedural Standards for Measuring Sound 
and 'S^bration (27 sections) 

Testing, Adjusting, Balancing Manual for 
Technicians (14 chapters) 

Sound and Vibration in Environmental 
Systems (8 diapters) 

Procedural Standards for Testing, Adjust- 
ing, Balancing of Environmental Systems 
(11 sections) 

(Available from National Environmental Balancing Bureau, 1385 Piccard Dr,, 
Rockville, MD 20850.) 

National Fire Protection Association (NFPA) 

NFPA 13 Installation of Sprinkler Systems 

NFPA 70 National Electrical Code 

NFPA 101 life Safety Code 
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(Available from NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269- 
9101.) 


Nfltinnfll Institute of Bmlding Sciences (NIBS) 

nibs Metric Guide for Federal Construction 

nibs Metric in Construction (a bimonthly news- 

letter) 

(Available from NIBS, 1201 L Street, N.W., Suite 400, Washington, DC 20005.) 

TJatiniial Partirleboard Association and National Hardboard A ssociation 

Metric units currently are being added to 
the NPA and NHA/ANSI standards for 
particleboard and medium-density fiber- 
board. 

(Available firom National Particleboard Association, 18928 Premiere Ct., 
Gaithersburg, MD 20879 and American Hardboard Association, 520 North Hicks 
Road, Palatine, IL 60067.) 

National Technical Information Service 

NBS Special Publication 530 Metrication in Building Design, Production, 

anH Construction — A Compendium of 10 
Papers 

NBS Technical Note 990 The Selection of Preferred Metric Values for 

Design and Construction 

PB 89-226922 Metric Handbook for Federal Officials (in- 

dudes Federal Standard No. 376A of May 5, 
1983, Preferred Metric Units for Greneral 
Use by the Federal Government) 

(Available from National Technical Information Service, 5285 Port Royal Rd., 
Springfield, VA 22161.) 

R.S. Means Company 


Means Building Construction Cost Data, 
Metric Edition 
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(Available from R.S. Means Company, Box 800, Eongston, MA 02364.) 

Sheet Metal and Air Conditioning Contractors* National Association 
(SMACNA) 

All SMACNA publications are being convert- 
ed to dual units. 

(Available from SMACNA, 4201 Lafriyette Center Dr., Chantilly, VA 22021.) 

SI Metric Handbook 

By John L. Fmrer, The Metric Company 
(Available from Charles Scribner’s Sons, New York.) 

Sodetv of Automotive Engineers (SAE) 

SAE AIR 1657-81 Handbook of Hydraulic Metric Calculations 

SAE AIR 1758-82 Limits and Fits - International Metric Toler- 

ance Systems 

SAE J916-91 Rules for SAE Use of SI (Metric) Units, 

Recommended Practice 

(Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096.) 

Sodetv of Manufacturing Engineers (SME’) 

Metrication for Eni^eers 

The Metric System: A Review of Indxistrial 
Applications 

(Available from SME, 1 SME Drive, Box 930, Deaibom, MI 48121.) 

Southern Ririldin g Code Congress Intematinnal- Tnr. 

Standard Building Code 

(Available from Southern Building Code Congress International, Inc., 900 
Montdair Road, Bi rmingham , AL 35213-1206.) 
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The Afisnciation for Manufacturing Technology 

Gmdelines for Metric Conversion in Ma- 
chine Tool and Related Industries 

(Available from The Association for Manxifacturing Technology, 7901 Westpark 
Dr., McLean, VA 22102-4269.) 

The Wall Street Journal Guide to the Metric System 

(Available from Dow Jones Books, P.O. Box 300, Princeton, NJ 08540.) 

By Jerry E. Bishop 

Underwriters Laboratories Inc. (UL) 

Virtually all UL standards contain dual 
units. 

(Available from UL, 333 Pfingsten Rd., Northbrook, IL 60062.) 

U.S. Metric Association 

Freeman Training/Education Metric Materi- 
als list 

Guidance for Companies Considering Con- 
verting their Operations to Using the Metric 
System. Available firee to company mem- 
bers. 

Metric Units of Measure and Style Guide 

(Available from U.S. Metric Association, 10245 Andasol Avenue, Northridge, CA 
91325.) 

Water EnviroriTnent Federation 

Manual of Practice No. 6, Units of Expres- 
sion for Wastewater Treatment Manage- 
ment 

(Available from Water Environment Federation, 601 Wythe St., Alexandria, VA 
22314.) 
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Water Pollution Control Federation 

M06 Units of Expression for Wastewater Treat- 

ment Management 

(Available from Water Pollution Control Federation, 601 Wythe St., Alexandria, 
VA 22314.) 

John Wiley and Sons 


The Architect’s Studio Companion: Techni- 
cal Gmdelines for Preliminary Design. By 
Edward Allen and Joseph lano (includes 
dual units) 

Wiley Engineer’s Desk Reference. By S.I. 
Heisler (includes dual units) 

(Available from Professional Reference and Trade Group, 605 Third Avenue, New 
York, NY.) 
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APPENDIX D 

SIGNIFICANT DIGITS AND ROUNDING 


D.l SIGNIFICANT DIGITS 

When converting values from one unit to another, implied or required precision of 
the value converted must be considered. The converted value must carry the same 
number of significant digits to maintain the accuracy of the original value. As 
defined in 6.2, a significant digit is any digit necessary to define the specific value. 
Determining the n umb er of significant digits requires knowledge of how the 
original value was obtained. If the original value was measured to the nearest 
whole unit increment (e.g., 10 feet), then there are two significant digits. If the 
original value was measured to the nearest tenth of a unit (e.g., 10.4 feet), then 
there are three significant digits. 

Zeros ma y be either significant digits or merely indicate the order of magnitude of 
a number. The number 873 248 709 contains nine significant digits, including the 
zero. If this number is rounded to 873 249 000, the first six digits are significant 
and the three zeros indicate the magnitude of the number roimded to the nearest 
thousand. 

When converting inch-pound values to metric, take into consideration the specific 
digits making up the number. After miiltiplying the original inch-pound value by 
the conversion factor, round to the same number of significant digits as the 
original number if the first digit of the metric number is greater than or equal to 
the first significant digit of the original number. In the examples shown, both 
original values have two significant digits and both answers are rounded to the 
same ntunber of significant digits. 

Example: Convert 11 miles to kilometers. 

11 mi X 1.609 km/ mi = 17.669 km, which rounds to 18 km 

Example: Convert 61 miles to kilometers. 

61 mi X 1,609 km/mi = 98.149 km, which rounds to 98 km 

Round the metric values to one more significant digit than the original inch-pound 
value if the first digit of the metric number is smaller than the first significant 
digit of the original value. In the following examples, the original values have two 
gignifiriint. digits and both answers are rounded to one more significant digit than 
the original value - three significant digits. 
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Example: Convert 66 miles to kilometers. 

66 mi X 1.609 km/mi = 106.194 km, which rounds to 106 km 

Example: Convert 81 feet to meters. 

81 ft X 0.3048 m/ft = 24.6888 m, whidi rounds to 24.7 m 

There are situations when the previous guidelines may not produce the most 
reasonable results. Judgment should be used to determine when the guidelines 
given above apply. The following example illustrates a case when judgment 
should be used. The rule described in the previous paragraph shows that 179.27 
kPa should be roimded to three significant digits, but rounding it to two signifi- 
cant digits may be an acceptable degree of aocuraqr for the particular situation. 

Example: Convert 26 pounds per square inch to kilopascals. 

26 psi X 6.895 kPa/psi = 179.27 kPa, which rounds to 179 kPa, 
but use 180 kPa 

D.2 ARITHMETIC OPERATIONS 

D.2.1 ADDITION AND SUBTRACTION. When adding and subtracting, the 
answer shall contain no more significant digits fiurther to the right than occurs in 
t-ha least precise ntunber as described in the following steps and shown in the 
example. 

1. Determine the least precise number and in wMdi place the last signifi- 
cant digit lies (e.g., hundreds place, thousands place, etc.). 

2. Roimd each number to one digit to the ri^t of that place. For example, 
if the last significant digit lies in the thousands place, round each 
nmnber to the himdreds place. 

3. Perform the addition or subtraction and round the answer to the 
number of significant digits determined in step 1. 

Example: Add the numbers 163 000 000, 217 885 000, and 96 432 768. 

The least precise number is 163 000 000 with three si gnificant 
digits with the last significant digit in the millions place. 

Round each number to the himdred-thousands place (one place 
to the right of the last significant digit’s place): 163 000 000, 
217 900 000, 96 400 000 
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Add: 163 000 000 
217 900 000 
-»-96 400 000 
477 300 000 

Round answer to three significant digits (the number of sig- 
nificant digits in the least precise number): 477 000 000 


Example: Subtract 0.356 68 from 111.794. 

Even though 0.356 68 has only five significant digits, 111.794 
is less precise with the last si gnifi c ant digit in the thousandths 
place. Round 0.356 68 to the ten-thousandths place (one place 
to the right of the thousandths place) and add a zero to 
111.794, and then subtract- 

111.7940 
- 0.3567 
111.4373 

Round answer to six significant digits (the number of 
significant digits in the least predse number): 111.437 

D.2J2 MULTEPLJCATION AND DIVISION. When multiplying and dividing, the 
product or quotient shall contain only the number of si g ni fi ca nt digits in the 
number with the fewest significant digits used in the operation. Note that this 
process depends on the total number of si gnifi c ant digits in the numbers multi- 
plied or divided as compared to the addition and subtraction process which 
depends on the precision of the numbers used. 

Example: Multiply 846.46 by 1.4. 

The number with the fewest significant digits is 1.4 with two. 
846.46 X 1.4 = 1185.044 

Round the answer to two si gnifi c ant digits: 1200 

D.2.3 INTEGERS. Number that are exact counts are not rounded prior to 
performing an arithmetic operation. When the coimt is used in computation with 
a measurement, the number of significant digits in the answer is the same as the 
number of signicant digits in the measurement. If, however, the count is an 
estimate, then the rules apply as described in D.2.1 and D.2.2. 
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D.3 ROUNDING 

When the first digit to be discarded is less than 5, the last digit retained is not 
changed. 

Example: Roimd 4.684 25 to four digits. 

Answen 4.684 

When the first digit discarded is greater than 5, or if it is a 5 followed by at least 
one digit other than 0, the last digit retained is increased by one unit. 

Example: Round 8.376 52 to four digits. 

Answer: 8.377 

Example: Round 8.376 52 to three digits. 

Answer: 8.38 

When the first digit discarded is exactly 5, followed only by zeros, the last digit 
retained should be roimded upward if it is an odd number, but no adjustment is 
made if it is an even number. 

Example: Round 4.365 to three digits. 

Answer: 4.36 

Example: Round 4.355 to three digits. 

Answer: 4.36 
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EXAMPLES OF SI (METRIC) SHORTHAND FORMS 

^ORD SI SYMBOL PITMANS GREGG SPEEDWR ITING 


meter 

m 

micrometer 

pm 

millimeter 

mm 

centimeter 

cm 

kilometer 

km 

square meter 


hectare 

ha 

kilogram 

kg 

gram 

g 

■milligram 

mg 

second 

s 

microsecond 

ps 

millisecond 

ms 

ampere 

A 

kelvin 

K 

degree Celsius 

*C 

candela 

cd 

lumen 

Im 

lux 

lx 

mole 

mol 

liter 

L or 1 

millimeter 

mL or ml 

cubic meter 

m® 

newton 

N 

pascal 

Pa 

bar 

bar 

millibar 

mbar 

joule 

J 

megajoule 

MJ 

watt 

W 

kilowatt 

kW 

hertz 

Hz 



✓vA/W 









JiL. 


j£. 




bo. — 
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APPENDIX F 
PHYSICAL CONSTANTS 


Symbol 


Value 


Units 


Electron charge 
Electron mass 

Unified atomic mass constant 
Proton mass 
Neutron mass 
Mass of hydrogen 
Planck constant 
Boltzmann constant 
Avogadro’s number 
Gas constant for air 

Gas constant for water vapor 
Velocity of sotmd in air (at P„, 

20 °C, 50% relative humidity) 
Velocity of light in vacuiim 
Gravitational constant 
Specific heat (heat capacity) 
of air at 15 °C 

- at constant pressure 

- at constant volume 
Absolute (zero) temperature 

Standard atmosphere at sea level 
Pressure 
Temperature 

Specific volxime of ideal gas 
(at STP) 

Acceleration due to gravity 
Specific weight 
Density 

Kinematic viscosity 
Absolute viscosity 


1.602 X 10-^® 

C 

9.109 X 10-®^ 

kg 

1.660 X 

kg 

1.672 X 10'^ 

kg 

1.674 X 10 ^ 

kg 

1.673 X 10*^ 

kg 

6.625 X 10-®* 

Js 

1.380 X 10 “ 

J/kg 

6.022 169 X 10®® 

molecules per mole 

8.314 34 

J/(K-mol) 

287.045 

J/(kg-K) 

461.52 

J/(kg.K) 

344.0 

m/s 

2.998 X 10® 

m/s 

6.673 X 10 “ 

N*m®/kg 

1.004 76 

kJ/(kg.K) 

717.986 

J/(kg-K) 

0.0 

K 

-273.15 

“C 

101.325 

kPa 

288.15 

K 

15.0 


22.41 

m®/mol 

9.806 65 

m/^ 

1.225 0 

kg/m® 

0.124 92 

kg/m® 

1.460 7 X 10^ 

m®/s 

1.789 4 X 10-® 

kg/(m-s) 
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APPENDIX G 
CONVERSION TABLES 


TABLE G-1. CONVERSION FACTORS (ALPHABETICAL LISTING) 
TABLE G-2. CONVERSION FACTORS ((CLASSIFIED LISTING) 
TABLE (J-3. DECIMAL-TO-MILLIMETER EQUIVALENTS 
TABLE Gr-4. MILLIMETER-TO-INCH EQUIVALENTS 
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Table G-1. Conversion Factors (Alphabetical Listing) (cont) 
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In these expressions, kelvin (K) indicates a temperature interval. Therefore, K may be replaced by degree Celsius (“C) if 
desired without changing the value or affecting the conversion factor. For example, in thermal conductivity, 1 W/(m-K) = 
1 W/(m.°C). 
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In these expressions, kelvin (K) indicates a temperature interval. Therefore, K may be replaced by degree Celsius (®C) if 
desired without changing the value or affecting the conversion factor. For example, in thermal conductivity, 1 W/(m*K) = 
lW/(m-"C). 
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Table G-1. Conversion Factors (Alphabetical Listing) (cont) 
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Table G-1. Conversion Factors (Alphabetical Listing) (cont) 
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hour (sidereal) 3.690 170 E+03 second (s) 

hundredweight (long) 6.080 235 E+01 hdlogram (kg) 

hundredweight (short) 4.636 924 E+01 kilogram (kg) 

inch (in) 2.640 000* E-02 meter (m) 
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Table G-1. Conversion Factors (Alphabetical Listing) (cont) 
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Table G-1. Conversion Factors (Alphabetical Listing) (cent) 
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pound-force (Ibf) 4.448 222 E+00 newton (n) 

. Ibf .ft 1.366 818 E+00 newton meter (N*m) 

- Ibf .ft/in 6.337 866 E+01 newton meter per meter (N^m/m) 
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W h 3.600 000* E+03 joule (J) 

W-8 1.000 000* E+00 joule (J) 

W/cm* 1.000 000* E+04 watt per square meter (W/m*) 



Table G-1. Conversion Factors (Alphabetical Listing) (cont) 


KSC-DM-3673 


1 

xss, 

.tss 

goo 

'Zb B 

' 1:1:1 

' o*'s’§ 

I OB O O 


^ lA 

^ ^ ^ W O 

CO OQ OB £j M 

'W' 'W' P 2 

'O 'O 'O g " 

fl S S & Si 

O O O 

S o o pS *>5 

Q> Q> Q> •H ^ 

CO OB QQ 


2? iH ^ ^ Cfl 

^ o o o o 
H H H H « 


??|SS 

H H H H H 


CO O OB 00 
O O Tt« lO 
O O O lO 09 

o ^ 1-1 lO 
lO ^ CD 'i^ 
lO iH CO CD C9 
^ oi 00 1-H 


O lO 00 o o 

O 1-1 OB O O 
CD 00 CD O O 

CO ID ID O O 
lO lO UB O O 
iH iH rH O O 

CO CO CO ip4 


5 

a III 

c3 c3 c3 


G-16 


a-3 . 


KSC-DM-3673 


Table G-2. Conversion Factors (Classified Listing) 


ACCELERATION 
1 ft/s* = 0.304 8 m/8* * 
lg = 9.806 650 m/s** 

1 in/s* = 0.025 4 m/s* * 

ANGLE 

r = 0.017 453 29 rad 
r = 2.908 88 X 10-* rad 
1" = 0.016 667* 
r = 4.848 137 X 10^ lad 
r = 2.777 78 xlO-* degree 
grade = 0.015 707 96 rad 

ANGULAR VELOCITY (see VELOCITY) 

AREA 

1 acre = 0.404 69 ha 
1 acre = 4 046.9 m* 

1 are = 100.000 m* * 

1 bam = 1.000 x 10 “ m* ♦ 

1 circular mil = 506.707 5 mm* 

1 darcy = 9.869 233 x 10 “ m* 

1 ft? = 0.092 903 04 m* * 

1 ha = 10 000.0 m* * 

1 in* = 645.16 mm* * 

1 in* = 6.451 6 cm* * 

1 mi* (international) = 

2.589 988 x 10* m* 

1 mi* (U.S. statute) = 2.589 988 km* 

1 yd* = 0.836 127 4 m* 

BENDING MOMENT OR TORQUE 
dyne-cm = 1.000 x lO ’ N-m * 
kgj^m = 9.806 650 N m ♦ 
ozj-in = 7.061 552 x 10^ N m 
Ib^in = 0.112 984 8 N m 
Ibf ft = 1.355 818 N m 

BENDING MOMENT OR TORQUE PER 
UNIT LENGTH 
1 IbffWn = 53.378 66 Nm/m 


1 Ibf'in^ = 4.448 222 N-mAn 

CAPACITY (see VOLUME) 

DENSITY (see MASS PER UNIT 
VOLUME) 

ELECTRICITY AND MAGNETISM 
1 abampere = 10.00 A * 

1 abcoulomb = 10.00 C * 

1 abfarad = 1.000 x 10* F * 

1 abheniy = 1.000 x 10^ H * 

1 abmho = 1.000 x 10^ S * 

1 abohm = 1.000 x 10* £2 * 

1 abvolt = 1.000 X 10-* V * 

1 Ah = 3 600.000 C * 

1 £araday (based on Carbon-12) = 

96 487.0 C 

1 ftuaday (chemical) = 96 495.7 C 
1 faraday (physical) == 96 521.9 C 
1 gamma = 1.000 x 10* T * 

1 oersted = 79.577 47 A/m 
1 gauss = 100.000 000 pT * 

1 maxwell = 10.000 000 nWb * 

1 mho = 1.000 000 S * 

1 aCM/ft = 1.662 426 nO m 
1 mho/cm = 100.000 SAn * 

1 statampere = 3.335 640 x 10'“ A 
1 statcoulomb = 3.335 640 x 10 “ C 
1 stat&rad = 1.112 650 x 10‘“ F 
1 statheniy = 8.987 554 x 10“ H 
1 statmho = 1.112 650 x 10^“ S 
1 statohm = 8.987 554 x 10*^ D 
1 statvolt = 29 979.25 V 
1 unit pole = 1.256 637 x Iff”^ Wb 

ENERGY (includes WORK) 

1 kW h = 3.600 MJ * 

1 Wh = 3.600 kJ * 

1 W-s = 1.000 J * 

1 cala, = 4.184 000 J * 


* Exact 

** See table Ol for additional conversions for this unit. 
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Table G-2. Conversion Factors (Classified L ist ing ) (cont) 


1 Btu** = 1.055 056 kJ * 

1 hp-h = 2.684 520 MJ 
1 fi lbr= 1.355 818 J 
1 eV = 1.602 19 X lCr“ J 

ENERGY PER UNIT AREA TIME 
1 Btu (International Tabley(ft?*s)** = 
11 356.53 W/m* 

1 Btu (thermochemicaiy(fl^-s)** = 

11 348.93 W/m* 

1 caV(cm* min)** = 697.333 3 W/m* 

1 W/in* = 1.550 003 kW/m® 

FTTEL EFFICIENCY 
1 mi/gal (mpg) = 0.425 143 7 km/L 

FLOW (see MASS PER UNIT TIME or 
VOLUME PER UNIT TIME) 

FORCE 

1 dyne = 1.000 x 10® N * 

1 kip = 4.448 222 kN 
lib, = 4.448 222 N 
1 Ib/lb [tbrust/weight(mass) ratio] = 
9.806 650 N/kg 
loz,= 0.278 013 9N 
lpdl = 0.138 255 ON 
1 ton-force (2000 lb,) = 8.896 443 kN 

FORCE PER UNIT AREA (see 
PRESSURE) 

FORCE PER UNIT LENGTH 
1 Ib/a = 14.593 90 N/m 
llb/in =175.126 8 N/m 


FREQUENCY (includes ROTATIONAL 
FREQUENCY) 

1 < 7 des per second = 1.000 000 Hz * 

1 rps = 1.000 000 r/s * 

1 rpm = 1.000 000 i/min * 

HEAT 

1 Btu/s = 1.055 056 kW 
1 Btu/h = 0.293 071 1 W 
1 Btu (Intemational Table>in/(ft*-b>®F)** 
= 0.144 227 9 W/Cm-^C) 

1 Btu (Intemational Tabley(fl?*h-®F)** = 
5.678 263 WAm“-*C) 

1 Btu/*F = 1.899 108 kJ/*»C 
1 Btu/°F = 1.899 108 kJ/K 
1 Btu/Ob-^F) = 4.186 8 kJ/(kg.*C) * 

1 Btu/lb = 2.326 kjykg * 

1 csd«/(ciii-s-*C)** = 418.400 W/(m-K) * 

1 ®F*h-fl?/Btu (Intemational Table)** = 
0.176 110 2 Km*/W 
1 ft*/h = 2.580 640 x lO"® m*/s * 

LENGTH 

1 umi = 1.852 km * 

1 mi = 1.609 3 km 
1 yd = 0.914 4 m 

1 ft (UJ5. survey) = 0.304 800 6 m 
1 ft = 0.304 8m* 

1 in = 25.4 mm * 

1 in = 2.54 cm * 

1 mil = 25.4 pm * 

1 micnm = 1.000 pm * 

1 pin = 0.025 4 pm * 

1 A = 0.100 nm * 

1 astronomical unit = 1.495 979 x 10^^ m 
1 chain = 20.116 84 m 
1 &tbom = 1.828 804 m 
1 li|^t year = 9.460 55 x lO’® m 
1 mi (U.S. statute)** = 1.609 347 km 


* Exact 

** See table G-1 for additional conversions for this unit. 
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Table G-2. Conversion Factors (Classified L isti ng ) (cont) 


T JOHT finduding ELECTROMAGNETIC 
RADIATl^ 

1 A = O.ICX) nm ♦ 

1 L = 3 183.099 cd/m^ 

1 cdAn* = 1 550.003 cd/m* 

1 £L = 3.426 259 cd/m® 

1 Im/a® = 10.763 91 Im/m® 

1 fc = 10.763 91 lx 

MASS 

1 ton (long) *♦ = 1.016 047 t * [1 1 = 1000 
kg) 

1 ton (short) = 0.907 184 74 t * 

1 slug = 14.593 90 kg 
1 lb (avdp) = 0.453 592 37 kg * 

1 oz (troy) = 31.103 48 g 
1 oz (avdp) = 28.349 52 g 
1 grain = 64.798 91 mg * 

1 tonne = 1 000.000 kg * 

MASS PER UNIT AREA 
1 oz/Et® = 0.305 157 1 kg/m® 

1 oz^d® = 0.033 905 75 kg/m® 

1 Ih/fl? = 4.882 428 kg/m® 

MASS PER UNIT CAPACITY (see MASS 
PER UNIT VOLUME) 

MASS PER UNIT LENGTH 
1 Ih/R = 1.111 111 X lOr’’ kg/m 
1 Ib/in = 1.488 164 kg/m 
1 Uvyd = 0.496 054 681 kg/m 

MASS PER UNIT TIME findudes 
FLOW) 

1 perm (0 "O** = 5.721 35 x 10“ 
kg/(Pa'S*m®) 

1 perm-in (0 ®C)** = 1.453 22 x 10 “ 
k^(Pa-s*m) 

1 Ih/h = 1.259 979 x lO^* kg/s 
1 Ih/min = 7.559 873 x lO^® kg/s 


1 Ih/s = 0.453 592 4 kg/s 
1 Mhp-h) = 1.689 659 x lO ’ kg/J 
1 ton (short)/h = 0.251 995 8 kg/s 

MASS PER UNIT VOLUME (includes 
DENSITY. MASS CAPACITY, and CON- 
CENTRATION) 

1 ton (short)^d* = 1.186 553 t/m® 

1 me = 16.018 46 kg/m* 

1 Ih/gal (U.S. liquid) = 119.826 4 g/L 
1 oz/gal (U.S. liquid) = 7.489 152 g/L 
1 i/cm* = 1 000.0 kg/m® * 

1 slug/ft® = 515.378 8 kg/m* 

1 Ib/in® = 27 679.90 kg/m® 

MECHANICS 
1 n>.ft = 0.128 255 0 kg m 
1 Ib ft/s = 0.138 255 0 kg m/s 
1 Ibfl?/s = 0.042 140 11 kgm®/s 
1 Ibfl? = 0.042 140 11 kgm* 
llb^ =14.593 90 N/m 

POWER 

1 ton (refrigeration) ** 3.516 800 kW 
1 Btu/s = 1.055 056 kW 
1 hp (550 ftlb/s) ** = 0.745 699 9 kW 
1 hp (electric)** = 0.746 000 kW * 

1 Btu/h = 0.293 071 1 W 
1 a ib/h = 3.766 161 x KT* W 
1 ft lh/min = 0.022 593 97 mW 
1 ft lb/s = 1.355 818 W 

PRESSURE or STRESS (FORCE PER 
UNIT AREA) 

1 atm (std) = 101.325 kPa * 

1 bar = 100.00 kPa* 

1 dyne/cm* = 0.100 Pa * 

1 Ib/in® (psi) = 6.894 757 kPa 
1 inHg (32 ®F) ** = 3.386 38 kPa 
1 inHjO (60 “F) ** - 0.248 84 kPa 


* Exact 

** See table G-1 for additional conversions for this unit. 
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Table G-2. Conversioii Factors (Classified Li sti ng ) (cont) 


1 cniHgO (4 "O = 98.063 8 Pa 
1 torr [mm Hg (0 “C)l = 0.133 322 kPa 
1 millibar (mbar) = 0.100 kPa * 

1 kip/m* (ksi) = 6.894 757 GPa 
1 Ib^i* (psi) = 6.894 757 MPa 
1 Ib/El* = 0.047 880 26 kPa 

RADIATION UNITS finfflnitintr 
NUCLEAR REACTION and 
IONIZATION) 

1 Ci = 37.000 GBq * 

1 rad = 10.000 mGy * 

1 rem = 10.000 mSv * 

1 roentgen (R) = 0.000 258 C/kg 

SPEED (see VELOCITY) 

STRESS (see PRESSURE) 

TEMPERATURE 
1 ®R, where = f«A/1.8 
1 ®F, where Uc = iUf - 32)/1.8 
1 ®C, where Tjf = + 273.15 

TEMPERATURE INTERVAL 
1 ®R = 0.56 K 
1 = 0.56 K 

1 “C = 1 K 

TIME 

1 yr ** = 1.000 a 

TORQUE (see BENDING MOMENT) 

VET/)C1TY findudes SPEED and 
ANGULAR VELOCITY) 

1 rad/s = 1.000 rad/s ♦ 

1 knot (kn) = 1.853 2 km/h 
1 knot (kn) = 0.514 444 4 m/s 
1 mi/h (mph) = 1.609 3 km/h 
1 ft/s = 0.304 8 m/s 


1 km/h = 0.277 777 8 m/s 
1 rAnin (rpm) = 0.104 719 8 rad/s 

VISCOSITY 

1 oentipoise = 1.000 mPa>s * 

1 oentistbke = 1.000 mmVs * 

1 ftVs = 0.092 903 04 m*/s 
1 Mft h) = 4.133 789 x lO^* Pa s 
1 Mft-s) = 1.488 164 Pa-s 
1 Ib^s/El* = 47.880 26 Pa-s 
1 llvs/in* = 6.894 757 kPa-s 
1 slug/(ft-s) = 47.880 26 Pa-s 

VOLUME (includes CAPACITY) 

1 acre fix>t = 1 233.5 m^ 

1 yd’ = 0.764 554 9 m’ 

1 bbl (42 UJ5. gal) = 0.158 987 3 m’ 

1 ft* = 0.028 316 85 m* 

1 ft* (fluid) = 28.316 85 L 
1 boa^ foot = 0.002 359 737 m* 

1 bushel (UB.) = 0.035 239 07 m* 

1 gal (U.S. fluid) = 3.785 412 L 
1 qt (U.S. fluid) = 0.946 352 9 L 
1 pt (U.S. fluid) = 0.473 176 5 L 
1 oz (U.S. fluid) = 29.573 53 mL 
1 in* = 16.387 06 cm* 

1 cup (fluid) = 236.588 2 mL 
1 tablespoon (fluid) = 14.786 76 mL 
1 teaspoon (fluid) = 4.928 922 mL 
1 L = 0.0010 m* ♦ 

1 ton (register) = 2.831 685 m* 

VOT JTME PER UNIT TIME (includes 
FLOW) 

1 ft*/min = 4.719 474 x 10** m*/s 
1 ft*/min (fluid) = 0.471 947 4 L/s 
1 ft*/s = 0.028 316 85 m*/s 
1 ft*/s (fluid) = 28.316 85 L/s 
1 galAhp-h) [SFC] = 1.410 089 x 10-® m*/J 
1 in*/min = 2.731 177 x KT^ m*/s 
1 in*/min = 0.273 117 7 mL/s 


* Exact 

** See table G-1 for additional conversions for this unit. 
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Table G-2. Conversioiii Factors (Classified listing) (cont) 

1 gal [U.S. liquidl^nin = 

6.309 020 X 10-® m’/s 
1 gal [U.S. liquidVnmi = 0.063 090 2 Us 

WORK (see ENERGY) 


* Exact 

** See table G-1 for additional conversions for this unit. 
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Table G-3. Dedmal-to-MUlimeter Equivalents 


DECIMAL I millimeters 



4 17 

9 

64 

32 

19 

5 

64 



1 DECIMAL 

MHJLIMETERS | 

\mmi 1 1 \m 


0.015625 

0.397 

0.03125 

0.794 

0.046875 

1.191 

0.0625 

1.588 

0.078125 

1.984 

0.09375 

2.381 

0.109375 

2.778 

0.1250 

3.175 

0.140625 

3.572 

0.15625 

3.969 

0.171875 

4.366 

0.1875 

4.763 

0.203125 

5.159 

0.21875 

5.556 

0.234375 

5.953 

0.2500 

6.350 

0.265625 

6.747 

0.28125 

7.144 

0.296875 

7.541 

0.3125 

7.938 

0.328125 

8.334 

0.34375 

8.731 

0.359375 

9.128 

0.3750 

9.525 

0.390625 

9.922 

0.40625 

10.319 

0.421875 

10.716 

- 0.4375 

11.113 

0.453125 

11.509 

■ 0.46875 

11.906 

0.484375 

12.303 

- 0.5000 

12.700 





17 

64 


32 

35 

9 


64 

16 


37 


19 

64 


32 

39 

5 


64 

8 


41 


21 

64 


32 

43 

11 


64 

16 


45 


23 

64 


32 

47 

3 


64 

4 


49 


25 

64 


32 “ 

51 

13 


64 

16 “ 


53 


27 _ 

64 


32 “ 

55 

7 


64 

8 “ 


57 


29 

64 


32 * 

59 

15 


64 

16 


61 


31 

64 


32 ■ 

63 



64 

1 • 




0.515625 

0.53125 

0.546875 

0.5625 

0.578125 

0.59375 

0.609375 

0.6250 

0.640625 

0.65625 

0.671875 

0.6875 

0.703125 

0.71875 

0.734375 

0.7500 

0.765625 

0.78125 

0.796875 

0.8125 

0.828125 

0.84375 

0.859375 

0.8750 

0.890625 

0.90625 

0.921875 

0.9375 

0.953125 

0.96875 

0.984375 

1.000 


13.907 

13.494 

13.891 

14.288 

14.684 

15.081 

15.478 

15.875 

16.272 

16.669 

17.066 

17.463 

17.859 

18.256 

18.653 

19.050 

19.447 

19.844 

20.241 

20.638 

21.034 

21.431 

21.828 

22.225 

22.622 

23.019 

23.416 

23.813 

24.209 

24.606 

25.003 

25.400 














Table G-4. Millimeter-to-Inch Equivalents 
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APPENDIX H 
TOLERANCES AND FITS 

This appendix gives instructions on determining specific tolerance limits with the 
assistance of tables and examples. The tables in this appendix are listed below. 
More complete tables and additional information may be found in ANSI B4.2. 

H>1 Litemational Tolerance Grades 

H>2 Fundamental Deviations for Internal (Hole) Dimensions 
H-3 F iiTniamentfll Deviations for External (Shaft) Dimensions (Dimen- 
sions in Millimeters) 

H-4 Preferred Tolerance Zones for Internal (Hole) Dimensions (Dimen- 
sions in Millimeters) 

H-5 Preferred Tolerance Zones for External (Shaft) Dimensions (Dimen- 
sions in Millimeters) 

H-6 Preferred Hole Basis Clearance Fits (Dimensions in Millimeters) 

H-7 Preferred Shaft Basis Clearance Fits (Dimensions in Millimeters) 

H.1 INTERNAL DIMENSION TOLERANCE 

For tolerance zone letters A through JS, the lower deviation is the fundamental 
deviation anH the upper deviation is equal to the lower deviation plus the toler- 
ance grade value for the appropriate basic size. 

Upper Deviation = Lower Deviation + Tolerance Grade 

Example: Internal Dimension 10C9 

Basic dimension = 10 millimeters 

IT9 at 10 mm (table H-1) = 0.036 

Lower deviation for C at 10 mm (table H-2) = +0.080 

Upper deviation = (+0.080) + (+0.036) = +0.116 

10C9 = 10.000 ) 

Example: Internal Dimension 50H7 

Basic dimension = 50 millimeters 
IT7 at 50 mm (table H-1) = 0.025 


H-3 
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Lower deviation for H at 50 mm (table H-2) = 0.000 
Upper deviation = 0.000 + 0.025 = +0.025 


50H7 = 50.000 


(+ 0.025 
\ 0.000 


For zone letters J throu|^ ZC, the upper deviation is the fi indamental 

deviation, and the lower deviation is equal to the upper deviation minus the 
tolerance grade value for the appropriate basic size. 

Lower Deviation = Upper Deviation - Tolerance Grade 

Example: Internal Dimension 300M10 

Basic dimension = 300 millimeters 

mo at 300 mm (table H-1) = 0.210 

Upper deviation for M at 300 mm (table H-2) = -0.020 

Lower deviation = (-0.020) - (+0.210) = -0.230 

300M15 = 300.000 ) 

Example: Internal Dimension 75Z20 

Basic dimension = 75 millimeters 
IT20 at 75 mm (table H-1) = IT15 x 0.10 = 1.200 x 0.10 = 
12.000 

Upper deviation for Z at 75 mm (table H-2) = -0.210 
Lower deviation = (-0.210) - (+12.000) = -12.210 

75Z20 = 75.000 


H.2 EXTERNAL DIMENSION TOLERANCE 

For tolerance zone letters a through js, the upper deviation is the fi indam ental 
deviation and the lower deviation is equal to the upper deviation minus the 
tolerance grade value for the appropriate basic size. 

Lower Deviation = Upper Deviation - ToLerance Grade 

Example: External Dimension 315cll 

Basic dimension = 315 millimeters 


H-4 
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mi at 315 mm (table H-1) = 0.320 

Upper deviation for c at 315 mm (table H-3) = -0.330 

Lower deviation = (-0.330) - (+0.320) = -0.650 

315C11 = 315.000 

Example: External Dimension 800hl3 

Basic dimension = 800 millimeters 
rri3 at 800 mm (table H-1) = 1.250 
Upper deviation for h at 800 mm (table H-3) = 0.000 
Lower deviation = (0.000) - (+1.250) = -1.250 

800bl3 = 800.000 

Example: External Dimension 25js8 

Basic dim ension = 25 millim eters 
IT8 at 25 mm (table H-1) = 0.033 

Upper deviation for js at 25 nun (table H-3) = +IT/2 = 0.033/2 = 
0.016 

Lower deviation = (0.016) - (+0.033) = -0.016 
25js8 = 25.000 ) 

For tolerance zone letters j through zc, the lower deviation is the fundamental 
deviation and the upper deviation is equal to the lower deviation plus the toler- 
ance grade value for the appropriate basic size. 

Upper Deviation = Lower Deviation + Tolerance Grade 

Example: External Dimension 65nl4 

Basic dimension = 65 millimeters 

IT14 at 65 mm (table H-1) = 0.740 

Lower deviation for n at 65 mm (table H-3) = +0.020 

Upper deviation = (+0.020) + (+0.740) = +0.760 

65nl4 = 65.000 
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Example: External Dimension 85zc5 

Basic dimension = 85 millimeters 
ITS at 85 mm (table H-1) = 0.015 
Lower deviation for zc at 85 mm (table H>3) = +0.585 
Upper deviation = (+0.585) + (+0.015) = +0.600 

85ZC5 = 85.000 

H.4 HOLE-BASIS VERSUS SHAFT-BASIS FIT 

It may sometimes be more practical to change a hole-basis fit to a shaft-basis fit 
without cl>a-nging the total tolerance and fit condition. To do this, the fundamen- 
tal deviations between the shaft and hole are reversed and the IT grade r emains 
unchanged. In other words, the IT grade number stays the same for the individu- 
al parts and the tolerance zone letters are switched. For example, the dearance 
fit ClO/flO converts to FlQ/clO; transition fit K8Ai7 converts to N8/k7, and so on. 
The following example shows diat during this conversion, the total tolerance 
remains the same as the original fit. 

Example: Convert fit 50H7^6 to 50P6/h7. 

Hole dimension 50H7 s / 60.030 \ Shaft dimension 50p6 = / 60.051 \ 

\ 60.000 / \ 60.032 / 


Total tolerance = / -0.002 \ 

\ -0.051 / 

Keep the size and IT grade number the same. Switch the letters fi:um H 
to P and p to h. 

Hole dimension 50P7 = / 59.979 \ Shaft dimension 50h6 = / 60.000 \ 

\ 59.949 / \ 59.981 / 


Total tolerance = / -0.002 \ 
\ -0.051 / 
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Values for tolerance grades larger than IT16 are calculated by using the following formula: IT17 = IT12 x 10; IT18 = IT13 x 10; etc. 
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Table H-2. Fundamental Deviations for Internal (Hole) Dimensions 


Fundamental 

Deviation 


Letter 


IT Grade 


Basic Size 
(in millimeters) 


Lowct Deviation 


D E 


01 to 16 


0 

3 

3 

6 

6 

10 

10 

14 

14 

18 

18 

24 

24 

30 

30 

40 

40 

50 


65 

65 

80 

80 

100 

100 

120 

120 

140 

140 

160 

160 

180 

180 

200 

kEh 

225 

225 

250 

250 


280 

315 

315 

355 

355 

400 


450 

1450 

500 

1 ITGrade 1 


+ 0^70 

+ 0^70 

+0280 

+0290 

+0290 

+0200 

+ 0.300 

+0210 

+ 0.320 

+0240 

+ 0.360 

+0280 

+ 0.410 

+ 0.460 

+0220 

+0280 

+ 0.660 

+ 0.740 

+ 0.820 

+0220 

+ 1.050 

+1200 

+ 1.350 

+1200 

+ 1.650 


+ 0.140 

+ 0.140 

+ 0.150 

+ 0.150 

+ 0.150 

+ 0.160 

+ 0.160 

+0270 

+ 0.180 

+ 0.190 

+0200 

+0220 

+0240 

+0260 

+0280 

+0210 

+ 0.340 

+0280 



+ 0.140 

+ 0.150 

+ 0.170 

+ 0.180 

+0200 

+0210 

+0230 

+0240 

+0260 



+ 0.760 

+ 0.840 


+ 0.440 

+ 0.480 


+0280 

+ 0.080 

+0200 

+ 0.100 

+0220 

+ 0.120 

+0245 

+ 0.145 

+0245 

+ 0.170 

+0270 

+ 0.170 

+0290 

+ 0.190 

+0210 

+0210 

+0230 

+0230 


6 to 


+0260 



+0250 

+ 0.050 

+0260 

+ 0.060 

+0272 

+ 0.072 

+0285 

+ 0.085 

+0285 

+ 0.100 

+0200 

+ 0.100 

+0210 

+ 0.110 

+0225 

+ 0.125 

+0235 

+ 0.135 


16 


+ 0.145 


+0290 

+ 0.430 

+0280 

+0320 



+0225 

+ 0.025 

+ 0.030 

+ 0.030 

+ 0.036 

+ 0.036 

+0243 

+ 0.043 

+0243 

+ 0.050 

+0250 

+ 0.050 

+0256 

+ 0.056 

+0262 

+ 0.062 

+0268 

+ 0.068 


+0276 

+ 0.080 

+0286 

+ 0.098 

+0210 

+ 0.120 

+ 0.130 

+ 0.145 


+0209 

+ 0.009 

+ 0.010 

+ 0.010 

+ 0.012 

+ 0.012 

+ 0.014 

+ 0.014 

+0214 

+ 0.015 

+ 0.015 

+ 0.015 

+0217 

+ 0.017 

+0218 

+ 0.018 

+ 0.020 

+ 0.020 


+ 0.022 

+ 0.024 

+ 0.026 

+ 0.028 

+ 0.030 

+ 0.032 

+ 0.034 

+ 0.038 



0.000 + IT /2 

0.000 

0.000 

0.000 

0.000 


Fundamental Deviation 


Letter 


IT Grade 


Basic Size (in millimeters 


Ova - I Up to and Inclndin ; 


Lower Deviation 


CD EF FG 


01 to 16 



0 

3 

+ 0.034 

3 

6 

+ 0.046 

6 

10 

+ 0.056 



10 

+ 0.004 

14 

+ 0.006 

18 

+ 0.008 


1 JS deviations in the grades 7 to 1 1 should be rounded off to 1/2 (TT-O.OOl) when the IT value is odd. 
H-8 
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Table H-2. Fundamental Deviations for Internal (Hole) 
Dimensions (cont) 


Fundamental 

^Deviation 


Letter 


IT Grade 


Basic Size 
(in millimeters) 




Upper Deviation 


K3 M3 


<8 >8 <8 2 >8 



IBZ02] 


+0.006 
+OJ)10|-0.0014A 
+0.012 l-O.OOl+A 
+0J115 

+0.015 1-O.OOl+A 


13 
13 
+0D16 
+0.016 
+0.018 
+0.018 
+0.018 
+0.022 
+0D22 
+0.022 
+01125 
+0.025 
+0.029 
+0.029 
+0.033 
+0.033 


+0D14 

+0.014 

+0H18 

+0.018 

+01122 

+ 0.022 

+0D26 

+0.026 

+0H26 

+0.030 

+0.030 

+0.030 

+0H36 

+0.036 

+0.039 

+0.039 

+0.043 

+0.043 


flTiTiT 


+ 0.020 
+0.024 

+0.024 1-0.002+a 
+0H28 

+0.028 1-0.002+A 
+0.034 

+0.034 1-0.003+A 
-0.003+A 



-0.004+a 


-0.004+A 
+01155 1-0.004+A 
+0.055 
+01160 
+0.060 
+01166 

+0.066 1-0.005+A 


0.000 -0.002 -0.002 
'-0.004+A -0.004 
-0.006+A -0.006 
-0.007+A -0.007 
-0.007+a -0.007 
-0.008+A -0.008 
-0.008+A -0.008 
-0.009+A -0.009 
-<1.009+a -0.009 
-0.011+A -0.011 
-0.01 1+A -0.011 
-0.013+A -0.013 
-0.013+A -0.013 
-0.015+A -0.015 
-0.015+A -0.015 
-O.015+A ^1.015 
-0.017+A -0.017 
-0.017+a -0.017 
-0.017+a -0.017 
-O.020+A -0.020 
-0.020+a -0.020 
-0.021+a -0.021 
-0.021+a -0.021 
-0.023+a -0.023 
-0.023+a -0.023 


6 to 16 



-0.031+A 


-0.034+a 
—0.037+ A 
-0.037+A 
-0.040+A 
-0.040+A 



-0026 

-0.026 

-0.030 

-0.030 

-0034 

-0.034 

-0040 

-0.040 

-0.048 

-0.048 

-0058 

-0.058 

-0068 

-0.068 

-0076 

-0.076 


-0.026 

-0.026 

-0.030 

-0.030 

-0.034 

-0.034 

-0.040 

-0.040 

-0.048 

-0.048 

-0.058 

-0.058 

-0.068 

-0.068 

-0.076 

-0.076 


-01)44 

-0.044 

-01)50 

-0.050 

-0056 

-0.056 

-0066 

-0.066 

-0078 

-0.078 

-0092 

-0.092 

- 0.110 

- 0.110 

-0.135 

-0.135 


-0.044 

-0.044 

-0.050 

-0.050 

-0.056 

-0.056 

-0066 

-0.066 

-0078 

-0.078 

-0.092 

-0.092 

- 0.110 

- 0.110 

-0.135 

-0.135 


2 Special Case: for M6 from 250 to 315, ufq)er deviation = -0.009 (instead of -0.011) 

3 Refer to the last columns of this table for values of A. 


H-9 

































































KSC-DM-3673 


Table H*2. Fundamental Deviations for Internal (Hole) 

Dimensions (cont) 


Fundamental 

Deviation 

Upper Deviation | 

Letter 

P 

R 

sn 

T 1 

U 

V 

X 

Y 

Z H 

IT Grade 

Above 7 4 II 

Basic Size 










(in millimeters) 





















pOver 











0^ 

3 

-0.006 

-0.010 

-0.014 


-0.018 



-0.020 

— 

-0.026 

3 

6 

-0.012 

-0.015 

-0019 

_ 

-0423 

— 

-0.028 

— 

-0435 

6 

10 

-0.015 

-0.019 

-0.023 

— 

-0.028 

— 

-0.034 

— 

-0.042 

10 

14 

-0018 

-0.023 

-0.028 

— 

-0433 

— 

-0.040 

— 

-0.050 

14 

18 

-0.018 

-0.023 

-0.028 

— 

-0.033 

-0.039 

-0.045 

— 

-0.060 

18 

24 

-0022 

-0.028 

-0035 

_ 

-0441 

-0447 

-0.054 

-0.063 

-0473 

24 

30 

-0.022 

-0.028 

-0.035 

-0.041 

-0.048 

-0.055 

-0.064 

-0.075 

-0.088 

30 

40 

-0026 

-0.034 

-0043 

-0248 

-0460 

-0468 

-0480 

-0494 

-0.112 

40 

50 

-0.026 

-0.034 

-0.043 

-0.054 

-0.070 

-0.081 

-0.097 

-0.114 

-0.136 

IkiH 

65 

-0032 

-OXMl 

-0053 

-0.066 

-0487 

-0202 

-0.122 

-0.144 

-0.172 

65 

80 

-0.032 

-0.043 

-0.059 

-0.075 

-0.102 

-0.120 

-0.146 

-0.174 

-0210 

80 

100 

-0037 

-0.051 

-0071 

-0291 

-0.124 

-0246 

-0.178 

-0214 

-0258 

100 

120 

-0.037 

-0.054 

-0.079 

-0.104 

-0.144 

-0.172 

-0210 

-0254 

-0310 

120 

140 

-0043 

-0.063 

-0092 

-0222 

-0270 

-0202 

-0248 

-0200 

-0265 

140 

160 

-0.043 

-0.065 

-0.100 

-0.134 

-0.190 

-0228 

-0280 

-0340 

-0.415 

160 

180 

-0043 

-0.068 

-0.108 

-0.146 

-0210 

-0252 

-0210 

-0280 

-0465 

180 

200 

-0.050 

-0.077 

-0.122 

-0.166 

-0236 

-0284 

-0350 

-0.425 

-0220 


225 

-0050 

-0080 

-0.130 

-0280 

-0258 

-0210 

-0285 

-0470 

-0275 

B225 

250 

-0.050 

-0.084 

-0.140 

-0.196 

-0284 

-0340 

-0.425 

-0220 

-0.640 



-0056 

-0.094 

-0258 

-0218 

-0215 

-0285 

-0.475 

-0280 

-0.710 

280 

315 

-0.056 

-0.098 

-0.170 

-0240 

-0350 

-0.425 

-0.525 

-0.650 

-0.790 

315 

355 

-0.062 

-0.108 

-0290 

-0268 

-0290 

-0475 

-0290 

-0.730 

-0400 

355 

400 

-0.062 

-0.114 

-0208 

-0294 

-0.436 

-0230 

-0.660 

-0.820 

-1.000 

wsm 

450 

-0068 

-0.126 

-0232 

-0230 

-0490 

-0295 

-0.740 

-0420 

-LlOO 

|450 

500 

-0.068 

-0.132 

-0252 

-0380 

-0240 

-0.660 

-0.820 

-1.000 

-1250 

1 IT Grade 

6 to 16 1 

1 ^ 

560 

-0.078 

-0.150 

-0280 

-0400 

-0400 

— 

— 

— 

— 

560 

630 

-0.078 

-0.155 

-0310 

-0.450 

-0.660 

— 

— 

— 

— 

630 

710 

-0088 

-0.175 

-0240 

-0200 

-0.740 

— 

— 

— 

— 

710 

800 

-0.088 

-0.185 

-0380 

-0260 

-0.840 

— 

— 

— 

— 

800 

900 

-OAOO 

-0210 

-0430 

-0420 

-0440 

— 

— 

— 

— 

900 

1000 

-0.100 

-0220 

-0.470 

-0480 

-1.050 

— 

— 

— 

— 

1000 

1120 

-0.120 

-0250 

-0220 

-0.780 

-1.150 

— 

— 

— 

— 

1120 

1250 

-0.120 

-0260 

-0280 

-0340 

-1300 

— 

— 

— 

— 

1250 

1400 

-0.140 

-0200 

-0440 

-0260 

-1.450 

— 

— 

— 

— 

1400 

1600 

-0.140 

-0230 

-0.720 

-1.050 

-1.600 

— 

— 

— 

— 

1600 

1800 

-0.170 

-0270 

-0220 

-1200 

-1450 

— 

— 

— 

— 

1800 

2000 

-0.170 

-0.400 

-0.920 

-1350 

-2.000 

— 

— 

— 

— 

2000 

2240 

-0.195 

-0.440 

-lOOO 

-1200 

-2200 

— 

— 

— 

— 

2240 

2500 

-0.195 

-0.460 

-1.100 

-1.650 

-2.500 

— 

— 

— 

— 

2500 

2800 

-0.240 

-0250 

-1250 

-1200 

-2400 

— 

— 

— 

— 

|2800 

3150 

-0240 

-0.580 

-1.400 

-2.100 

-3200 

— 

— 

— 

— 


* To detennine P to ZC for IT grades below 7, use die same deviations as for grades above 7 
jj_ 2 Q increased by A. 
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Table H-2. Fundamental Deviations for Internal (Hole) 
Dimensions (cont) 


1 

Upper Deviation 



Values for A ^ 



1 Letter 

1 ZA 

ZB 

1 zc 


1 IT Grade 

1 Above 7 

3 

4 

5 

6 

7 

8 

I Basic Size 










|(in millimeters) 











Up to and 










lOver 

Including 










0 

3 

- 0.032 

- 0.040 

- 0.060 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

3 

6 

- 0.042 

- 0.050 

- 04)80 

1m « 


0.001 


■XZl 

KilTiTiTSII 

6 

10 

- 0.052 

- 0.067 

- 0.097 



0.002 


0.006 

0.007 

10 

14 

- 0.064 

- 04)90 

- 0.130 


Bm9 

0.003 

0.003 

0.007 


14 

18 

- 0.077 

- 0.108 

- 0.150 


0.002 

0.003 

0.003 

0.007 

0.009 

18 

24 

- 04)98 

- 0.136 

- 0.188 


0.002 

0.003 

HiaijiI 

0.008 

0.012 

24 

30 

- 0.118 

- 0.160 

-0218 


0.002 

0.003 

0.004 

0.008 

0.012 

30 

40 

- 0.148 

-0200 

-0274 


0.003 

o.go4 

0.005 

miELim 

0.014 

40 

50 

- 0.180 

-0242 

- 0.325 

jTW 

0.003 

0.004 

0.005 

0.009 

0.014 

50 

65 

- 0.226 

-0200 

- 0.405 


0.003 

0.005 


0.011 

0.016 

65 

80 

-0274 

-0260 

- 0.480 


0.003 

0.005 

0.006 

0.011 

0.016 

80 

100 

-0235 

- 0.445 

-0285 


0.004 

0.005 

0.007 

0.013 

0.019 

100 

120 

- 0.400 

-0225 

- 0.690 

0.002 

0.004 

0.005 

0.007 

0.013 

0.019 

120 

140 

- 0.470 

-0220 

-0200 


0.004 

Mixi'iM 

0.007 

0.015 

0.023 

140 

160 

-0235 

- 0.700 

- 0.900 


0.004 

0.006 

0.007 

0.015 

0.023 

160 

180 

-0200 

- 0.780 

- 14)00 


m\mim 

0.006 

0.007 

0.015 

0.023 

180 

200 

- 0.670 

- 0.880 

- 1.150 


0.004 

0.006 

0.009 

0.017 

0.026 

200 

225 

- 0.740 

- 04)60 

-1250 


0.004 

mmrrn 

0.009 

0.017 

0.026 

225 

250 

- 0.820 

- 1.050 

-1250 


0.004 

0.006 

0.009 

0.017 

0.026 

250 

280 

- 0.920 

-1200 

-1260 



04)07 



0.029 

280 

315 

- 1.000 

-1200 

- 1.700 

0.004 

0.004 

0.007 

0.009 

0.020 

0.029 

315 

355 


-1200 

-1500 


0.005 

0.007 

0.011 

0.021 

0.032 

355 

400 


- 1.650 

- 2.100 

0.004 

0.005 

0.007 

0.011 

0.021 

0.032 

400 

450 

- 1.450 

-1250 

- 2.400 

0.005 

0.005 

0.007 

0.013 

0.023 

0.034 

450 

500 

- 1.600 

- 2.100 

- 2.600 

0.005 

0.005 

0.007 

0.013 

0.023 

0.034 

II IT Grade 

6 to 16 1 

500 

3150 

— 

— 

— 


— 

— 

— 

— 

— 


5 In detennining K, M, and N up to FT grade 8 and P to ZC tjp to IT grade 7, add the A value 
2 Q)pr(^ate to the IT grade as indicated. For example, for P7 fiom 18 to 30, A = -0.008 
.-. upper deviation = -0.014. 
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Table H-3. Fundamental Deviations for External (ISiaft) Dimensions 


Fundamental 

Deviation 


Letter 


IT Grade 


Basic Size 
(in minimeters) 


Upper Deviation 


d 


01 to 16 





Kill! 





LLijJ 



- 0^70 

- 0^0 

-0280 

-0290 

-0290 

-0200 

-0200 

-0210 

-0.320 

-0240 

-0260 

-0280 

-0.410 

-0.460 

-0220 

-0280 

-0.660 

-0.740 

-0.820 

-0220 

-1.050 

-1200 

-1250 

-1200 

-1.650 


-0.140 
-0.140 
-0.150 
- 0 . 

- 0 . 


-0.060 

-0.070 

-0.080 

-0.095 

-0.095 

- 0.110 

- 0.110 

- 0.120 

-0.130 

-0.140 

-0.150 

-0.170 

-0.180 

-0200 

-0210 

-0230 

-0.240 

-0260 

-0.280 

-0200 

-0.330 

-0260 

-0.400 

-0.440 

-0.480 


rr Grade 




- 0.020 

-0.030 

-0.040 

-0.050 

-0.050 

-0.065 

-0.065 

-0080 

-0.080 

- 0.100 

- 0.100 

- 0.120 

- 0.120 

-0.145 

-0.145 

-0.145 

-0.170 

-0.170 

-0.170 

-0.190 

-0.190 

-0210 

-0210 

-0230 

-0230 


6 to 16 


-0260 

-0290 

-0220 

-0.350 

-0290 

-0.430 

-0.480 

-0.520 


-0.135 

-0.135 


-0.006 

- 0.010 

-0.013 

-0.016 

-0.016 

- 0.020 

- 0.020 

-0.025 

-0.025 

-0.030 

-0.030 

-0.036 

-0.036 

-0.043 

-0.043 

-0.043 

-0.050 

-0.050 

-0.050 

-0J)56 

-0.056 

-0D62 

-0.062 

-0.068 

-0.068 


- 0 . 

- 0 . 

- 0 . 

-0. 

-0. 

-Oj 

•^J 

-Oj 
— Oj 
- 0.010 
- 0.012 
- 0.012 
- 0.1 
- 0.1 
-OJ 
-OJ 

-OJ 
-OJ 
-OJ 

-OJ 
-OJ 
- 0.1 


0.000 +IT/2 


0.000 +nv2 


Fundamental Deviation 


Letter 


IT Grade 


Basic Size (in millimeters' 


Over 


Lowa Deviation 


cd ef 


01 to 16 




0 

3 

-0.034 

3 

6 

-0.046 

6 

10 

-0.056 



0 -0.004 

4 -0.006 

8 -0.008 


* js deviations in the grades 7 to 1 1 should be rounded off to 1/2 (IT-O.OOl) when the IT value is odd. 
H-12 
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Table H-3. Fundamental Deviations for External (Shaft) Dimensions (cont) 


Fundamental 

Deviation 


Letter 


IT Grade 


Basic Size 
(in millimeters) 



Lowa: Deviation 


k 


^,>7 


01 to 16 


lover 

jrojQPTQI 

0 

3 

3 

6 

6 

10 

10 

14 

14 

18 

18 

24 

24 

30 

30 

40 

40 

50 

50 

65 

65 

80 

80 

100 

100 

120 

120 

140 

140 

160 

160 

180 

180 

200 

200 

225 

225 

250 

250 

280 

280 

315 

315 

355 

355 

400 

400 

450 

450 

500 

1 IT Grade 

500 

560 

560 

630 

630 

710 

710 

800 

iElilS 

900 

900 

1000 

1000 

1120 

1120 

1250 

1250 

1400 

1400 

1600 

1600 

1800 

1800 

2000 


2240 

2240 

2500 

2500 

2800 

2800 

3150 



wia 


-0 
- 0.002 
- 0.002 
- 0.003 
- 0.003 
- 0.004 
- 0.004 
-0.00S 
- 0.005 
- 0.007 
- 0.007 
- 0 iW 9 
- 0.009 
- 0.011 
- 0.011 
- 0.011 
- 0.013 
- 0.013 
- 0.013 
- 0.016 
- 0.016 
- 0.018 
- 0.018 
-0020 
- 0.020 


- 0.004 

- 0.004 

- 0.005 

- 0.006 

- 0.006 

- 0.008 

- 0.008 

- 0.010 

- 0.010 

- 0.012 

- 0.012 

- 0.015 

- 0.015 

- 0.018 

- 0.018 

- 0.018 

- 0.021 

- 0.021 

- 0.021 

- 0.026 

- 0.026 

- 0.028 

- 0.028 

- 0.032 

- 0.032 


- 0.006 0.000 

— + 0.001 

— + 0.001 

+ 0.001 
+ 0.001 
+ 0.002 
+ 0.002 
+ 0.002 
+ 0.002 
+ 0 JH )2 
+ 0.002 
+ 0.003 
+ 0.003 
+ 0.003 
+ 0.003 
+ 0.003 
+ 0.004 
+ 0 D 04 
+ 0.004 
+0M4 
+ 0.004 
+ 0.004 
+ 0.004 
+ 0.005 
+ 0.005 


IIIlIjJ 


llAlJlIl 


LiIiIljJ 



0.000 


6 to 16 



+ 0.002 

+ 0.004 

+ 0.006 

+ 0.007 

+ 0.007 

+0008 

+ 0.008 

+ 0.009 

+ 0.009 

+0O11 

+ 0.011 

+0013 



+0020 

+ 0.020 

+0021 

+ 0.021 

+0023 

+ 0.023 


+0026 

26 



+0040 

+ 0.040 

+0048 

+ 0.048 

+ 0.058 


+ 0.004 

+0008 

+ 0.010 

+0012 

+ 0.012 

+0015 

+ 0.015 

+0017 

+ 0.017 

+0020 

+ 0.020 

+0023 

+ 0.023 

+0027 

+ 0.027 

+0027 

+ 0.031 

+ 0.031 

+ 0.031 

+ 0.034 

+ 0.034 

+0037 

+ 0.037 

+0040 

+ 0.040 


+0044 




+ 0.110 

+ 0.110 

+ 0.135 

+ 0.135 


+ 0.050 

+ 0.050 

+ 0.056 

+ 0.056 

+ 0.062 

+ 0.062 

+ 0.068 

+ 0.068 


+ 0.078 

+ 0.078 

+ 0.088 

+ 0.088 

+ 0.100 

+ 0.100 

+ 0.120 



+ 0.023 

+ 0.023 

+0028 

+ 0.028 

+ 0.034 

+ 0.034 

+ 0.041 

+ 0.043 

+ 0.051 

+ 0.054 

+ 0.063 

+ 0.065 

+0068 

+ 0.077 

+0080 

+ 0.084 

+ 0.094 

+ 0.098 

+ 0.108 

+ 0.114 

+0A26 

+ 0.132 


+ 0.150 




+ 0.195 

+ 0.195 

+ 0.240 

+ 0.240 


+0250 

+0260 

+0200 

+0330 

+0370 

+ 0.400 

+ 0.440 

+ 0.460 

+0350 

+ 0.580 
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Table H-3. Fundamental Deviations for External (Shaft) Dimensions (cont) 


1 Fundamental 
Deviation 

UppCT Deviation | 

Letter 

s 

t 

U 

V 

X 

y 

z 

1 za 

MSM 

ZC 1 

IT Grade 

01 to 16 H 

Basic Size 











(in millimeters) 











II 
























1 0 

3 




— 

+0.020 



+0.026 

+0.032 



1 ^ 

6 


— 


— 

+0228 

— 

+0235 

+0.042 



U 6 

10 


— 


— 

+0.034 

— 

+0.042 

+0.052 



1 10 

14 


— 


— 

+0.040 

— 

+0250 

+0264 



1 

18 


— 


+0.039 

+0.045 

— 

+0.060 

+0.077 



1 18 

24 


— 


+0247 

+0254 

+0263 

+0273 

+0298 


+0288 

1 ^ 

30 


+0.041 




+0275 

+0.088 

+0.118 


+0218 

1 30 

40 


+0.048 




+0294 

+0212 

+0.148 


+0274 

1 40 

50 


+0.054 




+0.114 

+0.136 

+0.180 


+0325 

1 50 

65 


+0266 




+0244 

+0272 

+0226 

+0300 

+0>W5 

65 

80 


+0.075 




+0.174 

+0210 

+0274 

+0.360 

+0.480 

80 

100 


+0291 


+0.146 


+0214 

+0258 

+0335 

+0.445 

+0285 

100 

120 


+0.104 


+0.172 

Bwti 

+0254 

+0310 

+0.400 

+0.525 


120 

140 

+0.092 

+0.122 

+0.170 

+0202 

+0248 

+0300 

+0365 

+0>470 

+0220 


140 

160 

+0.100 

+0.134 


+0228 

+0280 

+0340 

+0.415 

+0.535 



160 

180 

+0.108 

+0.146 


+0252 

+0310 

+0380 

+0265 

+0200 


+1200 

180 

200 

+0.122 

+0.166 


+0284 

+0350 

+0.425 

+0220 

+0.670 


+1.150 

200 

225 

+0.130 

+0280 


+0310 

+0385 

+0270 

+0275 

+0.740 

+0260 

+1250 

225 

250 

+0.140 

+0.196 


+0340 

+0.425 

+0220 

+0240 

+0.820 

+1.050 

+1350 

250 


+0.158 

+0218 

+0315 

+0385 

+0275 

+0280 

+0.710 

+0220 

+1200 

+1250 

280 

315 

+0.170 

+0240 

+0350 

+0.425 

+0225 

+0.650 

+0.790 

+1.000 

+1.300 

+1.700 

315 

355 

+0.190 

+0268 

+0390 

+0275 

+0290 

+0.730 

+0200 

+1.150 

+1200 

+1200 

355 

400 

+0208 

+0294 

+0.435 

+0230 

+0.660 

+0220 

+1.000 

+1300 

+1.650 

+2.100 

400 

450 

+0232 

+0230 

+0.490 

+0295 

+0.740 

+0220 

+1200 

+1.450 

+1250 

+2.400 

450 

500 

+0252 

+0360 

+0240 

+0.660 

+0.820 

+1.000 

+1250 

+1.600 

+2.100 

+2.600 

II IT Grade 

6tol6 1 

500 

560 

+0280 

+0.400 


— 

— 


— 

— 

_ 

— 

560 

630 


+0.450 


— 

— 



— 

— 

— 

— 

630 

710 


+0200 

E'Ri' 

— 

— 

— 

— 

— 

— 

— 

710 

800 


+0260 

EK 

— 

— 

— 

— 

— 

— 

— 

800 


+0>I30 

+0220 


— 

— 

— 

— 

— 

— 

— 

900 

1000 


+0.680 


— 

— 

— 

— 

— 

— 

— 

1000 

1120 


+0.780 

+1250 

— 

— 

— 

— 

— 

— 

— 

1120 

1250 


+0.840 

+1300 

— 

— 

— 

— 

— 

— 

— 

1250 

1400 


+0260 

+L450 

— 

— 

— 

— 

— 

— 

— 

1400 

1600 


+1.050 

+1.600 

— 

— 

— 

— 

— 

— 

— 

|l600 

1800 

+0220 

+1200 

+1250 

— 

— 

— 

— 

— 

— 


Il800 

2000 

+0.920 

+1350 

+2.000 

— 

— 

— 

— 

— 

— 

— 

2000 

2240 

+1200 

+1200 

+2300 

— 

— 

— 

— 

— 

— 

— 

2240 

2500 

+1.100 

+1.650 

+2200 

— 

— 

— 

— 

— 

— 

— 

2500 

2800 

+1250 

+1200 

+2200 

— 

— 

— 

— 

— 

— 

— 

2800 

3150 

+1.400 

+2.100 

+3200 

— 

— 

— 

— 

— 

— 

— 
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Table H>4. Preferred Tolerance Zones for Internal (Hole) Dimensions 

(Dimensions in Millimeters) 


Basic Size I All 


OVER 0 


TO 3 


OVER 3 


TO 6 

+OJ70 

OVER 6 

+0.370 

TO 10 

+0280 

OVER 10 

+0.400 

TO 14 

+0290 

OVER 14 

+0.400 

TO 18 

+0290 

OVER 18 

+0.430 

TO 24 

+0J00 

OVER 24 

+0.430 

TO 30 

+0200 

OVER 30 

+0.470 

TO 40 

+OJ10 

OVER 40 

+0.480 

TO 50 

+0220 

OVER 50 

+0230 

TO 65 

+0240 

OVER 65 

+0250 

TO 80 

+0.360 

OVER 80 

+0.600 

TO 100 

+0280 

OVER 100 

+0.630 

TO 120 

+0.410 

OVER 120 

+0.710 

TO 140 

+0.460 

OVER 140 

+0.770 

TO 160 

+0220 

OVER 160 

+0230 

TO 180 

+0280 

OVER 180 

+0.950 

TO 200 

+0.660 

OVER 200 

+1.030 

TO 225 

+0.740 

OVER 225 

+1.110 

TO 250 

+0.820 

OVER 250 

+1240 

TO 280 

+0.920 

OVER 280 

+1.370 

TO 315 

+1.050 

OVER 315 

+1260 

TO 355 

+1200 

OVER 355 

+1.710 

TO 400 

+1250 

OVER 400 

nRjj 

TO 450 


OVER 450 


TO 500 

RVoSi 


Bll 

Cll 

D9 



+0200 

+0.120 

+0.045 

40.060 

+OX)80 

+0.140 

+0.060 

+0.020 

+0.020 

40.020 

+0215 

+0.145 

+0.060 

+0.078 

+0.105 

+0.140 

+0.070 

+0.030 

+0.030 

+0.030 

+0240 

+0.170 

+0.076 

+0.098 

+0.130 

+0.150 

+0.080 

40.040 

40.040 

+0.040 

+0260 

+0205 

+0.093 

+0.120 

+0.160 

+0.150 

+0.095 

+0.050 

+0.050 

+0.050 

+0.260 

+0.205 

40.093 

+0.120 

40.160 

+0.150 

+0.095 

+0.050 

+0.050 

+0.050 

+0290 

+0240 

+0.117 

+0.149 

+0.195 

+0.160 

+0.110 

+0.065 

+0.065 

+0.065 

+0290 

+0240 

+0.117 

40.149 

+0.195 

+0,160 

+0.110 

+0.065 

40.065 

40.065 

+0230 

+0280 

+0.142 

+0.180 

+0240 

+0.170 

+0.120 

+0.080 

+0.080 

+0.080 

+0240 

+0290 

+0.142 

+0.180 

+0240 

+0.180 

+0.130 

40.080 

+0.080 

40.080 

+0280 

+0230 

40.174 

+0220 

+0290 

+0.190 

+0.140 

+0.100 

+0.100 

+0.100 

+0290 

+0240 

+0.174 

+0220 

+0290 

+0200 

+0.150 

+0.100 

+0.100 

+0.100 

+0.440 

+0290 

+0207 

+0260 

+0240 

+0220 

+0.170 

+0.120 

+0.120 

+0.120 

+0.460 

+0.400 

+0207 

+0260 

+0240 

+0240 

+0.180 

+0.120 

+0.120 

+0.120 

+0210 

+0.450 

+0245 

+0205 

+0295 

+0260 

+0200 

+0.145 

+0.145 

+0.145 

+0.530 

+0.460 

+0245 

+0205 

+0295 

+0280 

+0210 

+0.145 

+0.145 

+0.145 

+0260 

+0.480 

+0245 

+0205 

+0295 

+0210 

+0230 

+0.145 

+0.145 

+0.145 

+0.630 

+0230 

+0285 

+0255 

+0.460 

+0240 

+0240 

+0.170 

+0.170 

+0.170 

+0.670 

+0250 

+0285 

+0255 

+0.460 

+0280 

+0260 

+0.170 

+0.170 

+0.170 

+0.710 

+0270 

+0285 

+0.355 

+0.460 

+0.420 

+0280 

+0.170 

+0.170 

+0.170 

+0200 

+0.620 

+0220 

+0.400 

+0210 

+0.480 

+0200 

+0.190 

+0.190 

+0.190 

+0.860 

+0.650 

+0220 

+0.400 

+0.510 

+0240 

+0230 

+0.190 

+0.190 

+0.190 

+0.960 

+0.720 

+0250 

+0.440 

+0270 

+0.600 

+0260 

+0210 

+0210 

+0210 

+1.040 

+0.760 

+0250 

+0.440 

+0270 

+0.680 

+0.400 

+0210 

+0210 

+0210 

+1.160 

+0240 

+0285 

+0.480 

+0.630 

+0.760 

+0.440 

+0230 

+0230 

+.0230 

+1240 

+0.880 

+0285 

+0.480 

+0.630 

+0.840 

+0.480 

+0.230 

+0.230 

+0230 
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Table H-4. Preferred Tolerance Zones for Internal (Hole) Dimensions 
(Dimensions in Millimeters) (cont) 


1 Basic Size 1 

F9 

G6 

G7 

H6 

H7 

H8 

H9 

HIO 

HU 

JS6 JS7 1 

OVER 

0 

40.031 

40.008 

+0.012 

+0.006 

+0.010 

+0.014 

40.025 

+0.040 

+0.060 

+0.003 +0.005 

TO 

3 

+0,006 

+0.002 

40.002 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.003 -0.005 

OVER 

3 

40.040 

+0.012 

+0.016 

+0.008 

+0.012 

+0.018 

40X30 

+0.048 

+0.075 

40.004 40.006 

TO 

6 

+0.010 

40.004 

+0.004 

03)00 

0.000 

03)00 

03)00 

03)00 

03)00 

-0.004 -0.006 

OVER 

6 

+0.049 

+0.014 

+0.020 

+0.009 

+0.015 

40.022 

+0.036 

+0.058 

+0.090 

+0.0045 +0.007 

TO 

10 

40.013 

+0.005 

40.005 

0.000 

0.000 

0.000 

0.000 

03)00 

0.000 

-0.0045 -0.007 

OVER 

10 

40.059 

40.017 

+0.024 

+0.011 

+0.018 

+0.027 

+0.043 

+0.070 

+0.110 

+03)055 +0.009 

TO 

14 

+0.016 

+0.006 

+0.006 

03)00 

03)00 

03)00 

03)00 

03)00 

0X00 

-0X055 -0.009 

OVER 

14 

+0.059 

+0.017 

+0.024 

+0.011 

+0.018 

+0.027 

+0.043 

+0.070 

40.110 

40.0055 40.009 

TO 

18 

+0.016 

+0.006 

40.006 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.0055 -0.009 

OVER 

18 

+0.072 

+0.020 

+0.028 

+0.013 

+0.021 

+0.033 

+0.052 

+0.084 

+0.130 

+03)065 +0.010 

TO 

24 

+0A)20 

+0.007 

40.007 

03)00 

03)00 

0.000 

03)00 

03)00 

0X00 

-03)065 -03)10 

OVER 

24 

+0.072 

40.020 

40.028 

40.013 

40.021 

40.033 

40.052 

40X84 

+0.130 

40.0065 40.010 

TO 

30 

40.020 

+0.007 

40.007 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.0065 -0.010 

OVER 

30 

40.087 

+0i)25 

+03)34 

+0.016 

+0.025 

+0.039 

+0.062 

+0.100 

+0.160 

+0.008 +0.012 

TO 

40 

+0.025 

+0.009 

+03)09 

0.000 

03)00 

OJHW 

03)00 

03)00 

03)00 

-03)08 -03)12 

OVER 

40 

40.087 

+0.025 

+0.034 

+0.016 

40.025 

40.039 

+0.062 

+0.100 

+0.160 

+0.008 +0.012 

TO 

50 

40.025 

40.009 

40.009 

0.000 

0.000 

OOOO 

0.000 

0.000 

0.000 

-0.008 -0.012 

OVER 

50 

40.104 

40.029 

40.040 

+0.019 

40.030 

4«.046 

40X74 

+0.120 

+0.190 

+0.0095 +0.015 

I 

65 

+0.030 

+0.010 

+0.010 

03)00 

03)00 

03)00 

03)00 

0.000 

0.000 

-03)095 -0.015 

1 OVER 

65 

+0.104 

+0.029 

+0.040 

40.019 

+0.030 

+0.046 

+0.074 

+0.120 

+0.190 

+0.0095 +0.015 

1 TO 

80 

40.030 

40.010 

40.010 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.0095 -0.015 

loVER 

80 

+0.123 

+0.034 

40.047 

+0.022 

+0.035 

40.054 

40X87 

+0.140 

+0220 

40.011 40X17 

1 

100 

40.036 

+0.012 

+03)12 

0.000 

OiHW 

OJHM 

03)00 

0X00 

0.000 

-0.011 -0.017 

OVER 

100 

40.123 

+0.034 

+0.047 

40.022 

40.035 

40054 

40X87 

+0.140 

40.220 

40.011 40.017 

TO 

120 

40.036 

+0.012 

+0.012 

0.000 

0.000 

OOOO 

0.000 

0.000 

0.000 

-0.011 -0.017 

OVER 

120 

40.143 

+0.039 

+0.054 

40.025 

404M0 

40^163 

40.100 

+0.160 

40050 

40X125 40X20 

TO 

140 

+0.043 

+0.014 

+0.014 

osm 

OJMO 

OJHW 

0X00 

03)00 

0.000 

-0.0125 -0X20 

OVER 

140 

40.143 

+0.039 

+0.054 

40.025 

40T)40 

40063 

40.100 

+0.160 

40.250 

40.0125 40.020 i 

TO 

160 

40.043 

+0.014 

+0.014 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.0125 -0.020 

loVER 

160 

+0.143 

+0.039 

+0.054 

40.025 

40.040 

40X63 

40.100 

+0.160 

40.250 

40.0125 40.020 

TO 

180 

+0.043 

+0.014 

+0.014 

0.000 

ojm 

0X00 

0X00 

03)00 

0X00 

-0.0125 -0.020 

1 OVER 

180 

40.165 

+0.044 

+0.061 

40.029 

40.046 

40.072 

40.115 

+0.185 

40.290 

40.0145 40.023 

TO 

200 

40.050 

+0.015 

+0.015 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.0145 -0.023 

OVER 

200 

+0.165 

+0.044 

+0.061 

40.029 

40.046 

40.072 

40.115 

+0.185 

40.290 

40.0145 40X23 

TO 

225 

+0.050 

+0.015 

+0.015 

OJMO 

OJMM 

0X00 

0X00 

03)00 

0X00 

-0.0145 -0.023 

OVER 

225 

+0.165 

+0.044 

+0.061 

40.029 

40.046 

40j072 

40.115 

+0.185 

40.290 

40.0145 40.023 

TO 

250 

40.050 

+0.015 

+0.015 

0.000 

0.000 

0X00 

0.000 

0.000 

0.000 

-0.0145 -0.023 

OVER 

250 

+0.186 

+0.049 

+0.069 

40.032 

40J152 

40.081 

40.130 

+0.210 

40320 

40X16 40X26 

TO 

280 

+0.056 

+0.017 

+0.017 

ojm 

OJMM) 

0X00 

0X00 

0.000 

0X00 

—0X16 —0X26 

OVER 

280 

+0.186 

+0.049 

+0.069 

40.032 

40.052 

40.081 

40.130 

+0210 

40320 

40.016 40.026 

TO 

315 

+0.056 

+0.017 

+0.017 

0.000 

0.000 

0X00 

0.000 

0.000 

0.000 

-0.016 -0.026 

OVER 

315 

+0J02 

+0.054 

+0.075 

40.036 

40JI57 

40X89 

40.140 

+0230 

40360 

40.018 40X28 

TO 

355 

+0.062 

+0.018 

+0.018 

0.000 

OJMO 

0X00 

0X00 

0.000 

0.000 

-0X18 -0X28 

OVER 

355 

+0202 

+0.054 

+0.075 

40.036 

40057 

40.089 

40.140 

+0.230 

40.360 

40.018 40.028 

TO 

400 

+0.062 

+0.018 

+0.018 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.018 -0.028 

OVER 

400 

+0223 

+0.060 

+0.083 

40.040 

40.063 

40.097 

40.155 

+0250 

40.400 

40.020 40.031 

TO 

450 

+0.068 

+0.020 

+0.020 

OJKN) 

OOOO 

0X00 

0X00 

03)00 

0X00 

1 -0.020 -0.031 

OVER 

450 

+0223 

+0.060 

+0.083 

40.040 

40.063 

40.097 

40.155 

+0250 

40.400 

1 40.020 40.031 

TO 

500 

+0.068 

+0.020 

+0.020 

0.000 

_^OOOT 

__0^ 


0.000 

O.OOC 

1 -0.020 -0.031 
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Table H-4. Preferred Tolerance Zones for Internal (Hole) Dimensions 
(Dimensions in bCllimeters) (cont) 


II Basic Size 1 

JS8 

K6 

K7 

K8 

M6 

M7 

M8 

N6 

N7 

N8 

P6 

OVER 

0 

+0.007 

0.000 

0.000 

0.000 

-0.002 

-0.002 

-0.002 

-0.004 

-0.004 

-0.004 

-0.006 

TO 

3 

-0.007 

-0.006 

-0.010 

-0.014 

-0.008 

-0.012 

-0.016 

-0.010 

-0.014 

-0.018 

-0.012 

OVER 

3 

-M).009 

+0.002 

+0.003 

+0.005 

-0.001 

0.000 

+0.002 

-0.005 

-0.004 

-0.002 

-0.009 

TO 

6 

-0.009 

-0.006 

-0.009 

-04)13 

-0.009 

-0.012 

-0.016 

-0.013 

-04)16 

-0.020 

-0.017 

1 OVER 

6 

+0.011 

+0.002 

+0.005 

+0.004 

-0.003 

0.000 

+0.001 

-0.007 

-0.004 

-0.003 

-0.012 

1 TO 

10 

-0.011 

-0.007 

-0.010 

-0.016 

-0.012 

-0.015 

-0.021 

-0.016 

-0.019 

-0.025 

-0.021 

1 OVER 

10 

+0.013 

+0.002 

+0.006 

+0.008 

-04)04 

0.000 

+0.002 

-0.009 

-0.005 

-0.003 

-0.015 

TO 

14 

-0.013 

-0i)09 

-04)12 

-0.019 

-04)15 

-0JI18 

-0J)2S 

-0.020 

-0.023 

-0.030 

-0.026 

OVER 

14 

+0.013 

+0.002 

+0.006 

+0.008 

-0.004 

0.000 

+0,002 

-0.009 

-0.005 

-0.003 

-0.015 

TO 

18 

-0.013 

-0.009 

-0.012 

-0.019 

-0.015 

-0.018 

-0.025 

-0.020 

-0.023 

-0.030 

-0.026 

OVER 

18 

+0.016 

+0.002 

+0.006 

+0.010 

-04)04 

0.000 

+0.004 

-0,011 

-0JM)7 

-0.003 

-0.018 

TO 

24 

-0.016 

-0J)11 

-04)15 

-0.023 

-04)17 

-0.021 

-0.029 

-0.024 

-0.028 

-04)36 

-0.031 

OVER 

24 

+0.016 

+0.002 

+0.006 

+0.010 

-0.004 

0.000 

+0.004 

-0.01 1 

-0.007 

-0.003 

-0.018 

TO 

30 

-0.016 

-0.011 

-0.015 

-0.023 

-0.017 

-0.021 

-0,029 

-0.024 

-0.028 

-0.036 

-0.031 

OVER 

30 

+0.019 

+0.003 

+0.007 

+0.012 

-0.004 

04)00 

+0.005 

-0.012 

-0.008 

-0.003 

-0.021 

TO 

40 

-0i)19 

-4).013 

-04)18 

-0J)27 

-04)20 

-0,025 

-0.034 

-0.028 

-0.033 

-0.042 

-0.037 

OVER 

40 

+0.019 

+0.003 

+0.007 

+0.012 

-0.004 

0.000 

+0.005 

-0.012 

-0.008 

-0.003 

-0.021 

TO 

50 

-0.019 

-0.013 

-0.018 

-0.027 

-0.020 

-0.025 

-0.034 

-fl.028 

-0.033 

-0.042 

-0.037 

OVER 

50 

+0.023 

+0.004 

+0.009 

+0.014 

-04)05 

0.000 

+0.005 

-0.014 

-0.009 

-0.004 

-0.026 

TO 

65 

-0.023 

-0.015 

-0.021 

-0.032 

-04)24 

-0.030 

-04)41 

-0.033 

-0.039 

-0.050 

-0.045 

OVER 

65 

+0.023 

+0.004 

+0.009 

+0.014 

-0.005 

0.000 

+0.005 

-0.014 

-0.009 

-0.004 

-0.026 

TO 

80 

-0.023 

-0.015 

-0.021 

-0.032 

-0.024 

-0.030 

-0.041 

-0.033 

-0.039 

-0.050 

-0.045 

OVER 

80 

+0.027 

+0.004 

+0.010 

+0.016 

-04)06 

0.000 

+0.006 

-0.016 

-0.010 

-04)04 

-04)30 

TO 

100 

-0.027 

-0i)18 

-0.025 

-04)38 

-04)28 

-0.035 

-0.048 

-0.038 

-0.045 

-04)58 

-0.052 

OVER 

100 

+0.027 

+0.004 

+0.010 

+0.016 

-0.006 

0.000 

+0.006 

-0.016 

-0.010 

-0.004 

-0.030 

TO 

120 

-0.027 

-0.018 

-0.025 

-0.038 

-0.028 

-0.035 

-0.048 

-0.038 

-0.045 

-0.058 

-0.052 

OVER 

120 

+0.031 

+0.004 

+0.012 

+0.020 

-0.008 

04)00 

+0.008 

-0.020 

-0.012 

-0.004 

-0.036 

TO 

140 

-0i)31 

-0i)21 

-04)28 

-04)43 

-0.033 

-04)40 

-0.055 

-0.045 

^4)52 

^1.067 

—0.061 

OVER 

140 

+0.031 

+0.004 

+0.012 

+0.020 

-0.008 

0.000 

+0.008 

-0.020 

-0.012 

-0.004 

-0.036 

TO 

160 

-0.031 

-0.021 

-0.028 

-0.043 

-0.033 

-0.040 

-0.055 

-0.045 

-0.052 

^).067 

-0.061 

OVER 

160 

+0.031 

+0.004 

+0.012 

+0.020 

-0.008 

0.000 

+0.008 

-04)20 

-0.012 

-0.004 

-0.036 

TO 

180 

-0.031 

-0i)21 

^.028 

-0.043 

-0.033 

-04)40 

-0.055 

-0.045 

-04)52 

-0J)67 

-0.061 

OVER 

180 

+0.036 

+0.005 

+0.013 

+0.022 

-0.008 

0.000 

+0.009 

-0.022 

-0.014 

-0.005 

-0.041 

TO 

200 

-0.036 

-0.024 

-0.033 

-0.050 

-0.037 

-0.046 

-0.063 

-0.051 

-0.060 

-0.077 

-0.070 

OVER 

200 

+0.036 

+0.005 

+0.013 

+0.022 

-04)08 

04)00 

+0.009 

-04)22 

-0.014 

-0.005 

-0.041 

TO 

225 

-0.036 

-0B24 

-04)33 

-04)50 

-0.037 

-0.046 

-04)63 

-04)51 

— 4).060 

-Oi)77 

-0.070 

OVER 

225 

+0.036 

+0.005 

+0.013 

+0.022 

-0.008 

0.000 

+0.009 

-0.022 

-0.014 

-0.005 

-0.041 

TO 

250 

-0.036 

-0.024 

-0.033 

-0.050 

-0.037 

-0.046 

-0.063 

-0.051 

-0.060 

-0.077 

-0,070 

OVER 

250 

+0.040 

+0.005 

+0.016 

+0.025 

-0.009 

0.000 

+0.009 

-0.025 

-0.014 

-0.005 

-0.047 

TO 

280 

-0.040 

-OJ027 

-0.036 

-0.056 

-0.041 

-04)52 

-0.072 

-04)57 

—0.066 

—0.086 1 

-0.079 

OVER 

280 

+0.040 

+0.005 

+0.016 

+0.025 

-0.009 

0.000 

+0.009 

-0.025 

-0.014 

-0.005 

-0.047 

TO 

315 

-0.040 

-0.027 

-0.036 

-0.056 

-0.041 

-0.052 

-0.072 

-0.057 

^).066 

-0.086 

-0.079 

OVER 

315 

+0.044 

+0.007 

+0.017 

+0.028 

-0.010 

0.000 

+0.011 

-0.026 

-0.016 

-0.005 

-0.051 

TO 

355 

-0.044 

-0i)29 

-04)40 

-0.061 

-04)46 

^4)57 

-04)78 

^4)62 

-Oj073 

-0i)94 

-0.087 

OVER 

355 

+0.044 

+0,007 

+0.017 

+0.028 

-0.010 

0.000 

+0.011 

-0.026 

-0.016 

-0.005 

-0.051 

TO 

400 

-0.044 

-0.029 

-0.040 

-0.061 

-0.046 

-0.057 

-0.078 

-0.062 

-0.073 

-0.094 

-0.087 

OVER 

400 

+0.048 

+0.008 

+0.018 

+0.029 

-0.010 

0.000 

+0.011 

-0.027 

-0.017 

-OD06 

-0.055 

TO 

450 

-0.048 

-0.032 

-0.045 

-0.068 

-0.050 

-0.063 

-0.086 

-04)67 

-0.080 

-41.103 

-0.095 

OVER 

450 

+0.048 

+0.008 

+0.018 

+0.029 

-0.010 

0.000 

+0.011 

-0.027 

-0.017 

-0.006 

-0.055 

TO 

500 

-0.048 

-0.032 

-0.045 

-0.068 

-0.050 

-0.063 

-0.086 

-0.067 

-0.080 

-0.103 

-0.095 
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Table H-4. Preferred Tolerance Zones for Internal (Hole) Dimensions 
(Dimensions in Millimeters) (oont) 


1 Basic Size 

P7 P8 

R6 R7 R8 S6 S7J^ 

T6 T7 1 

U7 H 

OVER 0 
TO 3 
OVER 3 
TO 6 

OVER 6 
TO 10 

OVER 10 
TO 14 

OVER 14 
TO 18 

OVER 18 
TO 24 

OVER 24 
TO 30 

OVER 30 
TO 40 

OVER 40 
TO 50 

OVER 50 
TO 65 

OVER 65 
TO 80 

OVER 80 
TO 100 

BOVER 100 
1 TO 120 
OVER 120 
TO 140 

OVER 140 
TO 160 

OVER 160 
TO 180 

OVER 180 
1 TO 200 

OVER 200 
TO 225 

OVER 225 
TO 250 

OVER 250 
TO 280 

OVER 280 
TO 315 

OVER 315 
TO 355 

OVER 355 
TO 400 

OVER 400 
TO 450 

OVER 450 
TO 500 

-0.006 -0.006 
-0.016 -0.020 
■0008 -0012 
-0020 -0030 

-0.009 -0.015 
-0.024 -0.037 

-0.011 -0018 
-0029 -0.045 

-0.011 -0.018 
-0.029 -0.045 

-0014 -0.022 
-0.035 -0.055 

-0.014 -0.022 
-0.035 -0.055 

-0017 -0026 
-0042 -0065 

-0.017 -0.026 
-0.042 -0.065 

-0021 -0032 
-0051 -0078 

-0.021 -0.032 
-0.051 -0.078 

-0024 -0037 
-0059 -0.091 

-0.024 -0.037 
-0.059 -0.091 

-0028 -0043 
-0.068 -0.106 

-0.028 -0.043 
-0.068 -0.106 

-0028 -0043 
-0068 -0.106 

-0.033 -0.050 
-0.079 -0.122 

-0033 -0.050 
-0079 -0.122 

-0.033 -0.050 
-0.079 -0.122 

-0036 -0.056 
-0088 -0.137 

-0.036 -0.056 
-0.088 -0.137 

-0041 -0062 
-0.098 -0.151 

-0.041 -0.062 
-0.098 -0.151 

-0045 -0068 
-0J08 -0.165 

-0.045 -0.068 

0.010 -0.010 -0.010 -0.014 -0.014 

0.016 -0.020 -0.024 -0.020 -0.024 

-0.012 -OjOII -04)15 -04)16 -04)15 

-04)20 -04)23 -04)33 -04)24 -04)27 

0.016 -0.013 -0.019 -0.020 -0.017 

0.025 -0.028 -0.041 -0.029 -04)32 

0.020 -04)16 -04)23 -04)25 -04)21 

04)31 -04)34 -04)50 -04)36 -04)39 

0.020 -0.016 -0.023 -0.025 -0.021 

0.031 -0.034 -0.050 -0.036 -0.039 

-0.024 -04)20 -0.028 -04)31 -04)27 

-04)37 -04)41 -04)61 -04)44 -04)48 

0.024 -0.020 -0.028 -0.031 -0.027 

0.037 -0.041 -0.061 -0.044 -0.048 

-0.029 -04)25 -0.034 -04)38 -04)34 

4).045 -04)50 -04)73 -04)54 -04)59 

-0.029 -0.025 -0.034 -0.038 -0.034 

-0.045 -0.050 -0.073 -0.054 -0.059 

-04)35 -04)30 -04)41 -04)47 -04)42 

-0.054 -04)60 -04)87 -04)66 -04)72 

-0.037 -0.032 -0.043 -0.053 -0.048 

-0.056 -0.062 -0.089 -0.072 -0.078 

-0.044 -04)38 -04)51 -04)64 -04)58 

-04)66 -04)73 -0.105 -04)86 -04)93 

-0.047 -0.041 -0.054 -04)72 -0.066 

-0.069 -04)76 -0.108 -0.094 -0.101 

-0.056 -04)48 -04)63 -04)85 -04)77 

-0.081 -04)88 -0JL26 -OJIO -OJ117 

-0.058 -0.050 -0.065 -04)93 -0.085 

-0.083 -0.090 -0.128 -0.118 -0.125 

-04)61 -04)53 -04)68 -0.101 -0.093 

-0.086 -04)93 -OJai -0.126 -0.133 

-0.068 -04)60 -0.077 -0.113 -0.105 

-0.097 -0.106 -0.149 -0.142 -0.151 

-04)71 -04)63 -04)80 -OJ21 -0.113 

-OJlOO -0.109 -0.152 -OJL50 -0.159 

-0.075 -0.067 -0.084 -0.131 -0.123 

-0.104 -0.113 -0.156 -0.160 -0.169 

-0.085 -04)74 -04)94 -0.149 -0.138 

-0.117 -0J26 -0.175 -0.181 -0.190 

-0.089 -04)78 -0.098 -0.161 -0.150 

-0.121 -0.130 -0.179 -0.193 -0202 

-0.097 -04)87 -0.108 -0.179 -0269 

-0.133 -0.144 -0.197 -0215 -0226 

-0.103 -0.093 -0.114 -0.197 -0.187 

-0.139 -0.150 -0203 -0233 -0244 

-0.113 -0.103 -0.126 -0219 -0209 

-0.153 -0.166 -0223 -0259 -0272 

-0.119 -0.109 -0.132 -0239 -0229 

; -0.159 -0.172 -0229 -0279 -0292 

not defined 

not defined 

not defined 

not defined 

not defined 

not defined 

-0.037 -0.033 ■ 
-0.050 -0.054 

-04)43 -0.039 
-04)59 -0.064 

-0.049 -0.045 
-0.065 -0.070 

-0.060 -0.055 
-04)79 -0.085 

-0.069 -0.064 
-0.088 -0.094 

-04)84 -04)78 
-0.106 -0.113 

-0.097 -0.091 
-0.119 -0.126 

-0.115 -0.107 
-0.140 -0.147 

-0.127 -0.119 
-0.152 -0.159 

-0239 -0.131 
-0.164 -0.171 

-0.157 -0.149 
-0.186 -0.195 

-0.171 -0.163 
-0200 -0209 

-0.187 -0.179 
-0216 -0225 

-0209 -0.198 
-0241 -0250 

-0231 -0220 
-0263 -0272 

-0257 -0247 
-0293 -0204 

-0283 -0273 
-0319 -0330 

-0317 -0207 
; -0357 -0370 

1 -0347 -0337 
1 -0387 -0.400 

■0.018 

0.028 

0.019 

0031 

0.022 

0.037 

0.026 

0044 

0.026 

0.044 

0033 

0.054 

0.040 

0.061 

0051 

0.076 

0.061 

0.086 

0076 

0.106 

0.091 

0.121 

0.111 

0.146 

0.131 

0,166 

0.155 

0.195 

0.175 

0215 

0.195 

0235 

0219 

0265 

0241 

0287 

0267 

0.313 

0295 

0247 

0230 

0282 

0269 
0.426 1 
0.414 I 
0.471 1 
0.467 1 
0230 

0.517 
1 0.580 11 
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Table H-5. Preferred Tolerance Zones for External (Shaft) Dimensions 

(Dimensions in Millimeters) 


Basic Size 

all 

bll 1 

cll 1 

OVER 0 
TO 3 

-0^70 

-0J30 

Bl 


OVER 3 
TO 6 

-o:i7o 

-0J45 

-0.140 

-0.215 


OVER 6 
TO 10 

-0280 

-0270 

-0.150 

-0240 


OVER 10 
TO 14 

-0290 

-0.400 

m 


OVER 14 
TO 18 

-0290 

-0.400 

-0.150 

-0260 


OVER 18 
TO 24 

-0^ 

-0.160 

-0.290 


OVER 24 
TO 30 

-0.300 

-0.430 

n 


OVER 30 
TO 40 

-OJIO 

-0.470 


s 

OVER 40 
TO 50 

-0.320 

-0.480 

s 


OVER 50 
TO 65 

-0240 

-0230 

-0.190 

-0280 

s 

OVER 65 
TO 80 

-0260 

-0250 

m 


OVER 80 
TO 100 

-0280 

-0200 

-0220 

-0.440 

-0.170 

-0290 

OVER 100 
TO 120 

-0.410 

-0.630 

SI 


OVER 120 
TO 140 

-0.460 

-0.710 


H 

OVER 140 
TO 160 

-0.520 

-0.770 

IB 

H 

OVER 160 
TO 180 

-0.580 

-0.830 

-0210 

-0260 


OVER 180 
TO 200 

-0.660 

-0.950 



OVER 200 
TO 225 

-0J40 

-1D30 



OVER 225 
TO 250 

-0.820 

-1.110 


B 

OVER 250 
TO 280 

-0.920 

-1J40 


B 

OVER 280 
TO 315 



B 

OVER 315 
TO 355 

-1200 

-1260 



1 OVER 355 
1 TO 400 

-1250 

-1.710 



1 OVER 400 
1 TO 450 


-0.760 

-1.160 


I OVER 450 

II TO 500 


|pJk£Q 



d8 


d9 dlO 


e7 


e8 


e9 


*6 


f7 


- 0.020 - 0.020 - 0.020 
-0.034 -0.045 -0.060 
-0.030 -OJ)30 -0i)30 
-0.048 -0JI60 -Oj078 

-0.040 -0.040 -0.040 
-0.062 -0.076 -0.098 

-0.050 -0.050 -0J)50 
-0J)77 -0.093 -0.120 

-0.050 -0.050 -0.050 
-0.077 -0.093 -0.120 

-0.065 -0.065 -0065 
-0.098 -0.117 -0.149 

-0.065 -0.065 -0.065 
-0.098 -0.117 -0.149 


-0.080 

-0.119 


-0080 -0080 
-0.142 -0J80 


-0.080 -0.080 -0.080 
-0.119 -0.142 -0.180 

- 0.100 - 0.100 - 0.100 
-0.146 -0.174 -0.220 

- 0.100 - 0.100 - 0.100 
-0.146 -0.174 -0220 

- 0.120 - 0.120 
-0207 -0260 

- 0.120 - 0.120 
-0207 -0260 


- 0.120 

-0.174 

- 0.120 

-0.174 

-0.145 

-0208 

-0.145 

-0208 

-0.145 

-0208 

-0.170 

-0242 

-0.170 

-0242 

-0.170 

-0242 

-0.190 

-0271 

-0.190 

-0271 

-0210 

-0299^ 

-0210 

-0299 

-0230 

-0227 

-0230 

-0.327 


-0.145 -0.145 
-0245 -0205 


-0.145 

-0245 

-0.145 

-0245 

-0.170 

-0285 

-0.170 

-0285 

-0.170 

-0285 

-0.190 

-0220 

-0.190 

-0220 

-0210 

^250 

-0210 

-0250 

-0230 

-0285 

-0230 

-0.385 


-0.145 

-0.305 

-0.145 

-0205 

-0.170 

-0.355 

-0.170 

-0255 

-0.170 

-0255 

-0.190 

-0.400 

-0.190 

-0.400 

-0210 

-0>«40 

-0210 

-0.440 

-0230 

-OASO 

-0230 

-0.480 


-0.014 -0.014 -0.014 
-0.024 -0.028 -0.039 

-omb -0J120 -0.020 

-0m2 -0J138 -OjOSO 

-0.025 -0.025 -0.025 
-0.040 -0.047 -0.061 

-02)32 -0032 -0032 
-0050 -0059 -0075 

-0.032 -0.032 -0.032 
-0.050 -0.059 -0.075 

-0.040 -0040 -0040 
-0.061 -0073 -0092 

-0.040 -0.040 -0.040 
-0.061 -0073 -0.092 

-0.050 -0050 -0.050 
-0.075 -0089 -0.112 

-0.050 -0.050 -0.050 
-0.075 -0.089 -0.112 

-0060 -0060 -0060 
-0090 -0.106 -0.134 

-0.060 -0.060 -0.060 
-0.090 -0.106 -0.134 

-0072 -0072 -0072 
-0.107 -0226 -0.159 

-0.072 -0.072 -0.072 
-0.107 -0.126 -0.159 

-0085 -0085 -0.085 
-0225 -0.148 -0.185 

-0.085 -0.085 -0.085 
-0.125 -0.148 -0.185 

-0.085 -0085 -0.085 
-0.125 -0.148 -0.185 


- 0.100 

-0.146 


- 0.100 - 0.100 
-0.172 -0215 


- 0.100 - 0.100 
-0.146 -0272 


- 0.100 

-0215 


- 0.100 - 0.100 - 0.100 
-0.146 -0.172 -0215 

- 0.110 - 0.110 
-0.162 -0.191 

- 0.110 - 0.110 
-0.162 -0.191 


-0.125 

-0.182 

-0.125 

-0.182 

-0.135 

-0.198 

-0.135 

-0.198 


-0.125 

-0214 

-0.125 

-0214 

-0.135 

-0232 

-0.135 

-0232 


- 0.110 

-0240 

- 0.110 

-0240 

-0.125 

-0265 

-0.125 

-0265 

-0.135 

-0290 

-0.135 

-0.290 


-0.006 

-0.006 

-0.012 

-0.016 

-OMO 

-0.010 

-4)i)18 

-04)22 

-0.013 

-0.013 

-0.022 

-0.028 

-0.016 

-0.016 

-04)27 

-0.034 

-0.016 

-0.016 

-0.027 

-0.034 

-0.020 

-04)20 

-04)33 

-04)41 

-0.020 

-0.020 

-0.033 

-0.041 

-04)25 

-0.025 

-04)41 

-0.050 

-0.025 

-0.025 

-0.041 

-0.050 

-0.030 

-04)30 

-0.049 

-0.060 

-0.030 

-0.030 

-0.049 

-0.060 

-0.036 

-0.036 

-0.058 

-0.071 

-0.036 

-0.036 

-0.058 

-0.071 

-0.043 

-0.043 



-0.043 

-0.043 

-0.068 

-0.083 

-0.043 

-0.043 




IfB 








mB 



HRS 


-0.088 

nits 



-0.088 








-0.098 



-0.068 -0.068 
-0.108 -0.131 


-0.068 

-0.108 


-0.068 

-0.131 
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Table H-5. Preferred Tolerance Zones for External (Shaft) Dimensions 
(Dimensions in Millimeters) (cont) 


Basic Size 


f8 

85 86 

h5 

h6 

h7 

h8 

h9 hll 

is5 is6 

-0,006 

-0.002 -0.002 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

«4).002 +0.003 

-0.020 

-0.006 -0.008 

-0.004 

-0.006 

-0.010 

-0.014 

-0.025 -0.060 

-0.002 -0.003 

-0.010 

■4).004 -OJMM 

04)00 

0X00 

04)00 

04)00 

04)00 0.000 

«0.0025 •M).004 

-0.028 

-0JH>9 -0.0U 

-04)05 

-0.008 

-0.012 

-0.018 

-04)30 -0.075 

-0.0025 -<0.004 

-0.013 

-0.005 -0.005 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

fO.003 40.0045 

-0.035 

-0.011 -0.014 

-0.006 

-0.009 

-0.015 

-0.022 

-0.036 -0.090 

-0.003 -0.0045 

-0.016 

-0iK)6 -0.006 

04)00 

0X00 

04)00 

04)00 

0.000 0.000 

f0X04 40.0055 

-0.043 

-0J)14 -0.017 

-0.008 

-0.011 

-0.018 

-04)27 

-0X43 -0.110 

•0.004 -0.0055 

-0,016 

-0.006 -0.006 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.004 +0.0055 

-0.043 

-0.014 -0.017 

-0.008 

-0.011 

-0.018 

-0.027 

-0.043 -0.110 

-0.004 -0.0055 

-0.020 

-0i)07 -0.007 

04)00 

0X00 

04)00 

04)00 

0.000 0.000 

+0X045 +0.0065 

-0.053 

-ej)16 -0.020 

-0.009 

-04)13 

-04)21 

-0.033 

-0.052 -0.130 

-0.0045 -0.0065 

-0.020 

-0.007 -0.007 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.0045 +0.0065 

-0.053 

-0.016 -0.020 

-0.009 

-0.013 

-0.021 

-0.033 

-0.052 -0.130 

-0.0045 -0.0065 

-Oj025 

-0X09 -0.009 

0.000 

0.000 

04)00 

0.000 

0.000 0.000 

4>04)055 +0.008 

-0J)64 

-0X20 -0.025 

-0.011 

-0X16 

-0.025 

-0X39 

-04)62 -0.160 

-0.0055 -0.008 

-0.025 

-0.009 -0.009 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.0055 +0.008 

-0.064 

-0.020 -0.025 

-0.011 

-0.016 

-0.025 

-0.039 

-0.062 -0.160 

-0.0055 -0.008 

-0^130 

-04)10 -04)10 

0.000 

0.000 

0.000 

0.000 

0.000 04)00 

+0.0065 +0.0095 


-0X23 -0X29 

-0.013 

-04)19 

-04)30 

-0.046 

-0X74 -0.190 

-0.0065 -0.0095 

-0.030 

-0.010 -0.010 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.0065 +0.0095 

-0.076 

-0.023 -0.029 

-0.013 

-0.019 

-0.030 

-0.046 

-0.074 -0.190 

-0.0065 -0.0095 

-0i)36 

-0X12 -0X12 

04)00 

0.000 

0.000 

0X00 

0.000 04)00 

+0.0075 +0X11 

-0J)9O 

-0.027 -0.034 

-04)15 

-0.022 

-0.035 

-04)54 

-0.087 -0.220 

^).0075 —0.011 

-0-036 

-0.012 -0.012 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.0075+0.011 

-0.090 

-0.027 -0.034 

-0.015 

-0.022 

-0.035 

-0.054 

-0.087 -OJ220 

-0.0075 -0.011 

-0iM3 

-0X14 -0X14 

0.000 

04)00 

0X00 

0X00 

0X00 0.000 

+0X09 +0X125 

-0.106 

-0X32 -0.039 

-0X18 

-04)25 

-0X40 

-0X63 

-OJOO -0.250 

-0.009 -0.0125 

-0.043 

-0.014 -0.014 

0.000 

0.000 

0X00 

0.000 

0.000 0.000 

+0.009 +0.0125 

-0.106 

-0.032 -0.039 

-0.018 

-0.025 

-0.040 

-0.063 

-0.100 -0.250 

-0.009 -0.0125 

-0J)43 

■0X14 -0.014 

0.000 

0.000 

0X00 

0X00 

0X00 0.000 

+0.009 +0X125 

-0.106 

-0.032 -0X39 

-0X18 

-0.025 

-0X40 

-0X63 

-OJOO -0250 

-0.009 -0X125 

1 -0.050 

-0.015 -0.015 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.010 +0.0145 

I -0.122 

-0.035 -0.044 

-0.020 

-0.029 

-0.046 

-0.072 

-0.115 -0290 

-0.010 -0.0145 

\ -0.050 

-0X15 -0X15 

0X00 

04)00 

0X00 

0X00 

0X00 0X00 

+0X10 +0X145 

; -0,122 

-0.035 -0X44 

-0X20 

-0.029 

-0X46 

-0X72 

-0215 -0290 

-0X10 -0X145 

5 -0.050 

-0.015 -0.015 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.010 +0.0145 

) -0.122 

-0.035 -0.044 

-0.020 

-0.029 

-0.046 

-0.072 

-0.115 -0290 

-0.010 -0.0145 

) -0056 

-0.017 -0.017 

0X00 

0.000 

0.000 

0X00 

0X00 0.000 

+0X115 +0X16 

) -0.137 

-0X40 -0X49 

-0X23 

-04)32 

-0X52 

-0X81 

-0.130 -0220 

-0X115 -0X16 

) -0.056 

-0.017 -0.017 

0.000 

0.000 

0.000 

0.000 

0.000 0.000 

+0.0115+0.016 

5 -0.137 

-0.040 -0.049 

-0.023 

-04)32 

-0.052 

-0.081 

-0.130 -0320 

-0.0115 -0.016 

S -0062 

-0X18 -0X18 

0.000 

04)00 

0X00 

0X00 

0X00 0X00 

+0.0125+0.018 

S ^.151 

-0X43 -0X54 

-0X25 

-04)36 

-0X57 

-0X89 

-0240 -0360 

—0.0125 ^).018 

5 -0062 

-0.018 -0.018 

0.000 

0.000 

0.000 

0.000 

0X00 0.000 

+0.0125 +0.018 

[) -o!i51 

-0.043 -0.054 

-0.025 

-0.036 

-0.057 

-0.089 

-0.140 -0.360 

-0.0125 -0.018 

0 -0.068 

-0X20 -0.020 

0X00 

0.000 

0X00 

0X00 

0X00 0.000 

+0.0135+0X20 

0 -0.165 

-0X47 -0X60 

-0X27 

-04)40 

-0X63 

-0X97 

-0.155 -0.400 

.21X135 21.020 

0 -0068 

-0.020 -0.020 

0.000 

f 0.000 

1 0.000 

f 0.000 

1 0.000 0.000 

+0.0135 +0.020 

0 -0.165 

-0.047 -0.060 

-0.027 

-0.040 

1 -0.063 

-0.097 

-0.155 -0.400 

1-0.0135 -0.020 


OVER 0 
TO 3 

OVER 3 
TO 6 

OVER 6 
TO 10 

OVER 10 
TO 14 

OVER 14 
TO 18 

OVER 18 
TO 24 

OVER 24 
TO 30 

OVER 30 
TO 40 

OVER 40 
TO 50 

OVER 50 
TO 65 

OVER 65 
TO 80 

OVER 80 
TO 100 

OVER 100 
TO 120 

OVER 120 
TO 140 
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Table H-5. Preferred Tolerance Zones for External (Shaft) Dimensions 
(Dimensions in Millimeters) (cont) 


OVER 

0 

TO 

3 

OVER 

3 

TO 

6 

OVER 

6 

TO 

10 

OVER 

10 

TO 

14 

OVER 

14 

TO 

18 

OVER 

18 

TO 

24 

OVER 

24 

TO 

30 

OVER 

30 

TO 

40 

OVER 

40 

TO 

50 

OVER 

50 

TO 

65 

OVER 

65 

TO 

80 


OVER 80 
TO 100 

OVER 100 
TO 120 

OVER 120 
TO 140 

OVER 140 
TO 160 

OVER 160 
TO 180 

OVER 180 
TO 200 

OVER 200 
TO 225 

OVER 225 
TO 250 

OVER 250 
TO 280 

OVER 280 
TO 315 

OVER 315 
TO 355 

OVER 355 
TO 400 

OVER 400 
TO 450 

OVER 450 
TO 500 


-0.010 -M).002 -fO.002 40.002 

40.010 40.011 40.015 40.023 
-0.010 40.002 40.002 40.002 

40.012 40.013 40.018 40.027 
-04)12 40.002 40.002 40.002 

40.012 40.013 40.018 40.027 
-0.012 40.002 40.002 40.002 

40.015 40.015 40.021 40.032 
-0.015 40.002 40.002 40.002 

40.015 40.015 40.021 40.032 
-0.015 40.002 40.002 40.002 

40.017 40.018 40.025 40.038 
-0.017 40.003 40.003 40.003 

40.017 40.018 40.025 40.038 
-0.017 40.003 40.003 40.003 

40.020 40.021 40.028 40.043 
-0.020 40.003 40.003 40.003 

40.020 40.021 40.028 40.043 
-0.020 40.003 40.003 40.003 

40.020 40.021 40.028 40.043 
-0i)20 40.003 40.003 40.003 

40.023 40.024 40.033 40.050 
-0.023 40.004 40.004 40.004 


40.023 

-0.023 

40.023 

-0.023 

40.026 

-0J126 

40.026 

-0.026 

40.028 

-0J)28 

40.028 

-0.028 

40.031 

-0.031 

40.031 

-0.031 


40.024 40.033 
40.004 40.004 

40.024 40.033 
40.004 40.004 

40.027 40.036 
40.004 40.004 

40.027 40.036 
40.004 40.004 

40.029 40.040 
40.004 40.004 

40.029 40.040 

40.004 40.004 

40.032 40.045 

40.005 40.005 

40.032 40.045 
40.005 40.005 


40.050 

40.004 

40.050 

40.004 

40.056 

40.004 

40.056 

40.004 

40.061 

40.004 

40.061 

40.004 

40.068 

40.005 

40.068 

40.005 


40.008 40.010 40.014 40.010 
40.004 40.004 40.004 40.006 
40.013 40.016 40.020 40.017 
40.008 400)08 40.008 40.012 

40.016 40.019 40.025 40.021 
40.010 40.010 40.010 40.015 

40.020 40.023 40.030 40.026 
40.012 40.012 40.012 40.018 

40.020 40.023 40.030 40.026 
40.012 40.012 40.012 40.018 

40.024 40.028 40.036 40.031 
40.015 40.015 40.015 40.022 

40.024 40.028 40.036 40.031 
40.015 40.015 40.015 40.022 

40J128 40.033 40.042 40.037 

40.017 40.017 40.017 40.026 

40.028 40.033 40.042 40.037 
40.017 40.017 40.017 40.026 

40m3 40.039 40.050 40.045 
40.020 40.020 40.020 40.032 

40.033 40.039 40.050 40.045 
40.020 40.020 40.020 40.032 


40.038 

40.023 

40.038 

40.023 

40.045 

40.027 

40.045 

40.027 

40.045 

40.027 

40.051 

40.031 

40.051 

40.031 

40.051 

40.031 

49.057 
40.034 

40.057 
40.034 

40.062 

40.037 

40.062 

40.037 

40.067 

40.040 

40.067 

40.040 


40.045 40.058 40.052 
40.023 40.023 40.037 

40.045 40.058 40.052 
40.023 40.023 40.037 

40.052 40.067 40.061 
40.027 40.027 40.043 

40.052 40.067 40.061 
40.027 40.027 40.043 


40X)52 

40.027 

40.060 

40.031 

40.060 

4omi 

40.060 

40.031 

40.066 

40.034 

40.066 

40.034 

40.073 

40.037 

40.073 

40.037 

40.080 

40.040 

40.080 

40.040 


40.067 40.061 
40.027 40.043 

40.077 40.070 
40.031 40.050 

40.077 40.070 
40.031 40.050 

40.077 40.070 
40.031 40.050 

40.086 40.079 
40.034 40.056 

40.086 40.079 
40.034 40.056 

40.094 40.087 
40.037 40.062 

40.094 40.087 
40.037 40.062 

40.103 40.095 
40.040 40.068 

40.103 40.095 
40.040 40.068 
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Table H-5. Preferred Tolerance 2k)nes for External (Shaft) Dimensions 
(Dimensions in MOlimeters) (cont) 


1 Basic Size 7 

p 6 


r5 

i 6 

r7 

s5 

s 6 

s7 

t5 

I 6 t7 li 

OVER 

0 

40.012 

40.016 

40.014 

40.016 

40.020 

40.018 

40.020 

40.024 

not defined H 

TO 

3 

40.006 

40.006 

40.010 

+ 0.010 

40.010 

40.014 

40.014 

+0.014 



OVER 

3 

40.020 

+0J124 

40.020 

404)23 

40+027 

40.024 

40i)27 

40X31 

not defined 1 

TO 

6 

404)12 

404)12 

40.015 

404)15 

40.015 

40.019 

40i)19 

40X19 



1 OVER 

6 

40.024 

40.030 

+0.025 

40.028 

40.034 

40.029 

40.032 

40.038 

not defined | 

1 

10 

+0.015 

+0.015 

+0.019 

+0.019 

40.019 

+OD23 

+0.023 

40.023 



1 OVER 

10 

404)29 

404)36 

404)31 

404)34 

404)41 

40.036 

40.039 

+ 0 iM 6 

not defined I 

I ™ 

14 

404)18 

+0i)18 

404)23 

404)23 

404)23 

40.028 

40i)28 

40X28 




14 

+0.029 

40.036 

+0.031 

+0.034 

40.041 

+0.036 

+0.039 

40.046 

not defined 

I ^ 

18 

40.018 

40.018 

+0.023 

40.023 

+0.023 

+0.028 

40.028 

40.028 



1 OVER 

18 

40.035 

404)43 

404)37 

40+041 

40.049 

40044 

40i)48 

40X56 

not defined 


24 

404)22 

404)22 

40.028 

40+028 

404)28 

40.035 

40i)35 

40X35 



1 OVER 

24 

40.035 

+0.043 

40.037 

40.041 

40.049 

40.044 

40.048 

+0.056 

+0.050 

+0.054 +0.062 

TO 

30 

40.022 

40.022 

+0.028 

+0.028 

40.028 

+0.035 

40.035 

+0.035 

40.041 

+0.041 +0.041 

OVER 

30 

40.042 

404)51 

404)45 

40+050 

40+059 

40.054 

40059 

40.068 

40X59 

+0064 +0073 

TO 

40 

404)26 

404)26 

40.034 

40+034 

404)34 

40043 

40043 

40X43 

40X48 

+0048 +0.048 

OVER 

40 

40.042 

+0.051 

+0.045 

+0.050 

+0.059 

+0.054 

+0.059 

+0.068 

+0.065 

+0.070 +0.079 

TO 

50 

+0.026 

+0.026 

+0.034 

+0.034 

+0.034 

+0.043 

+0.043 

+0.043 

+0.054 

+0.054 +0.054 

OVER 

50 

40.051 

404)62 

40.054 

+0J)60 

+0071 

40.066 

+0J)72 

40X83 

40.079 

+0085 +0.096 

TO 

65 

404)32 

40.032 

40.041 

40.041 

40+041 

40053 

40053 

40X53 

40X66 

4 OX 66 4 O.O 66 

OVER 

65 

+0.051 

+0.062 

+0.056 

+0.062 

+0073 

40,072 

+0078 

40.089 

+0.088 

+0.094 +0.105 

TO 

80 

+0.032 

+0.032 

+0.043 

+0.043 

+0.043 

+0.059 

+0059 

40.059 

+0.075 

+0.075 +0.075 

OVER 

80 

40.059 

+0.072 

40.066 

404)73 

40.086 

40.086 

+QJ093 

40.106 

40.106 

+0.113 +0.126 

TO 

100 

+0.037 

+0.037 

404)51 

40.051 

404)51 

40071 

40071 

40X71 

40X91 

+0.091 +0091 

OVER 

100 

40.059 

40.072 

+0.069 

40.076 

40.089 

40.094 

40.101 

40.114 

40.119 

+0.126 +0.139 

TO 

120 

40.037 

40.037 

+0.054 

40.054 

40.054 

40.079 

40.079 

40.079 

40.104 

+0.104 +0.104 

OVER 

120 

40.068 

404)83 

+ 0 Jffil 

40.088 

40+103 

40.110 

40.117 

40.132 

40.140 

+0.147 +0.162 

TO 

140 

404)43 

404)43 

+0.063 

40.063 

40+063 

40.092 

40092 

40.092 

40.122 

+ 0.122 + 0.122 

OVER 

140 

40.068 

40.083 

+0.083 

40.090 

40.105 

40.118 

40.125 

40.140 

+0.152 

+0.159 +0.174 

TO 

160 

40.043 

40.043 

+0.065 

40.065 

40.065 

40.100 

40.100 

40.100 

+0.134 

+0.134 +0.134 

OVER 

160 

40.068 

404)83 

+0086 

40.093 

40+108 

40.126 

40.133 

40.148 

40.164 

+0.171 +0.186 

TO 

180 

404)43 

404)43 

+0.068 

40.068 

40+068 

40.108 

40.108 

40.108 

40.146 

+0.146 +0.146 

OVER 

180 

40.079 

40.096 

+0.097 

40.106 

40.123 

40.142 

40.151 

40.168 

40.186 

+0.195 +0.212 

TO 

200 

40.050 

40.050 

+0.077 

40.077 

40.077 

40.122 

40.122 

40.122 

40.166 

40.166 4 O.I 66 

OVER 

200 

40.079 

404)96 

+ 0.100 

40.109 

40+126 

40.150 

40.159 

40.176 

+OJ 100 

+0a09 +0.226 

TO 

225 

40.050 

404)50 

+0.080 

40.080 

40.080 

40.130 

40.130 

40.130 

+0.180 

+0.180 +0.180 

OVER 

225 

40.079 

40.096 

+0.104 

40.113 

40.130 

40.160 

40.169 

40.186 

+0.216 

+0225 +0242 

TO 

250 

40.050 

40.050 

+0.084 

40.084 

40.084 

40.140 

40.140 

40.140 

40.196 

+0.196 +0.1% 

OVER 

250 

404)88 

40.108 

+0.117 

40.126 

40+146 

40.181 

40.190 

40210 

40241 

+0250 +0270 

TO 

280 

404)56 

404)56 

+0094 

404)94 

40.094 

40.158 

40.158 

40.158 

40218 

+0218 +0218 

OVER 

280 

40.088 

40.108 

+0.121 

40.130 

40.150 

40.193 

40202 

40222 

40263 

+0272 +0292 

TO 

315 

40.056 

40.056 

+0.098 

40.098 

40.098 

40.170 

40.170 

40.170 

40240 

+0240 +0240 

OVER 

315 

40.098 

40.119 

+0.133 

40.144 

40.165 

40.215 

40226 

40247 

40293 

+0204 +0225 

TO 

355 

40.062 

404)62 

+0.108 

40.108 

40.108 

40.190 

40.190 

40.190 

40268 

+0268 +0268 

OVER 

355 

40.098 

40.119 

+0.139 

40.150 

40.171 

40.233 

40244 

40265 

40319 

+0230 +0.351 

TO 

400 

40.062 

40.062 

+0.114 

40.114 

40.114 

40208 

40208 

40208 

40294 

+0294 +0294 

OVEIR 

400 

40.108 

40.131 

+0.153 

40.166 

40.189 

40259 

40272 

40295 

40357 

+0270 +0293 

TO 

450 

404)68 

404)68 

+0.126 

40.126 

40+126 

40.232 

40232 

40232 

40330 

+0230 +0230 

OVER 

450 

40.108 

40.131 

+0.159 

40.172 

40.195 

40.279 

40292 

40.315 

40387 

+0.400 +0.423 

II TO 

500 

40.068 

40.068 

+0.132 

40.132 

40.132 

40252 

40252 

40252 

40360 

+0360 +0.360 1 
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Table H-5. Preferred Tolerance Zones for External (Shaft) Dimensi ons 
(Dimensions in Millimeters) (cont) 


b Bask Size 1 

u6 

u7 

OVER 

0 

-fO.024 

+0.028 

TO 

3 

-»0.018 

■♦0.018 

OVER 

3 


+04)35 

TO 

6 

•i-0i)23 

+0.023 

OVER 

6 

40.037 

+0.043 

TO 

10 

+0.028 

+0.028 

OVER 

10 

■<0.044 

+04)51 

TO 

14 

+0.033 

+04)33 

OVER 

14 

40.044 

+0.051 

TO 

18 

+0.033 

+0.033 

OVER 

18 

+0i)54 

+04)62 

TO 

24 

+0JM1 

+04)41 

OVER 

24 

+0-061 

+0.069 

TO 

30 

+0.048 

+0.048 

OVER 

30 

+0i)76 

■<41.085 1 

TO 

40 

+04)60 

+0.060 

OVER 

40 

+0.086 

+0.095 

TO 

50 

+0.070 

+0.070 

OVER 

50 

-tO.106 

■<41.117 

TO 

45 

+04)87 

+0.087 

OVER 

65 

+0.121 

+0.132 

TO 

80 

+0.102 

■♦0.102 

OVER 

80 

+0J46 

+0.159 

TO 

100 

+0.124 

+0.124 

OVER 

100 

+0.166 

+0.179 

TO 

120 

+0.144 

+0.144 

OVER 

120 

+0.195 

+0210 

TO 

140 

+0.170 

+0.170 

OVER 

140 

+0.215 

+0230 

TO 

160 

+0.190 

+0.190 

OVER 

160 

+0.235 

+0250 

TO 

180 

+0J10 

+0210 

OVER 

180 

+0265 

+0282 

TO 

200 

+0236 

+0236 

OVER 

200 

+0287 

+0304 

TO 

225 

+0258 

+0258 

OVER 

225 

+0.313 

+0330 

TO 

250 

+0284 

+0284 

OVER 

250 

+0347 

+0367 

TO 

280 

+0315 

+0315 

OVER 

280 

+0382 

+0.402 

TO 

315 

+0350 

+0350 

OVER 

315 

+0.426 

+0.447 

TO 

355 

+0390 

+0390 

OVER 

355 

+0.471 

+0.492 

TO 

400 

+0.435 

+0.435 

OVER 

400 

+0330 

+0353 

TO 

450 

+0.490 

+0.490 

OVER 

450 

+0.580 

+0303 

TO 

500 

+0.540 

+0340 
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Table H-6. Preferred Hole Basis Clearance Fits 
G[)imensions in Millimeters) 


Basic Size 

Loose Running 
Hole Shaft Fit 

Hll cll 

Free Running 
Ifole Shaft 

H9 d9 

Fit 

Close Running 
Hole Shaft 

H8 n 

FU 

1 Max 

1.060 

0.940 

0.180 

1.025 

0.980 

0.070 

1.014 

0.994 

0.030 

Min 

1.000 

0.880 

0.060 

1.000 

0.955 

0.020 

1.000 

0.984 

0.006 

12 Max 


1.140 

0.180 

1225 

L180 

0.070 

1314 

1.194 

0.030 

Min 

IJOO 

1J»0 

04)60 

IJ2O0 

L155 

0.020 

1300 

1.184 

Oj 006 

L6 Max 

1.660 

1540 

0.180 

1.625 

1.580 

0.070 

1.614 

1.594 

0.030 

Min 

1.600 

1.480 

0.060 

1.600 

1J55 

0.020 

1.600 

1384 

0.006 

2 Max 

2.060 

1.940 

0.180 

24)25 

1.980 

0.070 

2.014 

1394 

0330 

1 Min 

2.000 

1.880 

0.060 

um 

L955 

0.020 

2.000 

1384 

0306 

n 2 J Max 

2.560 

2.440 

0.180 

2525 

2.480 

0.070 

2314 

2.494 

0.030 

Min 

2.500 

2.380 

0.060 

2J5O0 

2.455 

0.020 

2300 

2.484 

0.006 

3 Max 

3.060 

2.940 

0.180 

3.025 

2.980 

04)70 

3.014 

2.994 

0.030 

Min 

3.000 

2.880 

0.060 

34)00 

2.955 

04)20 

3.000 

2.984 

0306 

1 4 Max 

4.075 

3.930 

0.220 

4.030 

3.970 

0.090 

4.018 

3.990 

0.040 

Min 

4.000 

3.855 

0.070 

4,000 

3.940 

0X)30 

4.000 

3.978 

0.010 

5 Max 

5.075 

4.930 

0.220 

5.030 

4,970 

04)90 

5.018 

4390 

0.040 

Min 

5.000 

4555 

0.070 

5.000 

4.940 

0.030 

5.000 

4.978 

0.010 

6 Max 

6.075 

5.930 

0.220 

6.030 

5.970 

0.090 

6.018 

5.990 

0.040 

Min 

6.000 

5.855 

0.070 

6.000 

5.940 

0.030 

6.000 

5.978 

0.010 

8 Max 

8.090 

7.920 

0260 

8.036 

7.960 

0.112 

8.022 

7387 

0.050 

Min 

8.000 

7.830 

0.080 

84)00 

7.924 

04)40 

8.000 

7.972 

0313 

10 Max 

10.090 

9.920 

0.260 

10.036 

9.960 

0.112 

10.022 

9.987 

0.050 

Min 

10.000 

9.830 

0.080 

10.000 

9.924 

0.040 

10.000 

9.972 

0.013 

12 Max 

12.110 

11.905 

0J15 

124)43 

11.950 

0.136 

124)27 

11.984 

0.061 

Min 

12.000 

11.795 

0.095 

124)00 

1L907 

04)50 

124)00 

11366 

0316 

16 Max 

16.110 

15.905 

0.315 

16.043 

15.950 

0.136 

16.027 

15.984 

0.061 

Min 

16.000 

15.795 

0.095 

16.000 

15.907 

0.050 

16.000 

15.966 

0.016 

20 Max 

20.130 

19.890 

0J70 

204)52 

19.935 

0.169 

20.033 

19.980 

0.074 

Min 

20.000 

19.760 

0.110 

204)00 

19.883 

04)65 

20.000 

19359 

0.020 

25 Max 

25.130 

24.890 

0.370 

25.052 

24.935 

0.169 

25.033 

24.980 

0.074 

Min 

25.000 

24.760 

0.110 

25.000 

24.883 

0.065 

25.000 

24.959 

0.020 

30 Max 

30.130 

29.890 

0J70 

30.052 

29.935 

0.169 

304)33 

29380 

0J)74 

Min 

30.000 

29-760 

0.110 

304)00 

29.883 

04)65 

304)00 

29359 

0.020 

40 Max 

40.160 

39.880 

0.440 

40.062 

39.920 

0.204 

40.039 

39.975 

0.089 

Min 

40.000 

39.720 

0.120 

40.000 

39.858 

0.080 

40.000 

39.950 

0.025 

H 50 Max 

50.160 

49.870 

0.450 

504)62 

49.920 

0204 

504)39 

49.975 

0J)89 

H Min 

50.000 

49.710 

0.130 

50.000 

49.858 

04)80 

50.000 

49350 

0J)25 

1 60 Max 

60.190 

59.860 

0.520 

60.074 

59.900 

024S 

60.046 

59.970 

0.106 

1 Min 

60.000 

59.670 

0.140 

60.000 

59.826 

0.100 

60.000 

59.940 

0.030 

80 Max 

80.190 

79.850 

0.530 

804)74 

79.900 

0.248 

80.046 

79.970 

0.106 

1 Min 

80.000 

79.660 

0.150 

804)00 

79.826 

0.100 

80.000 

79.940 

0i)30 

1 100 Max 

100.220 

99.830 

0.610 

100.087 

99.880 

0294 

100.054 

99,964 

0.125 

Min 

100.000 

99.610 

0.170 

100.000 

99.793 

0.120 

100.000 

99.929 

0.036 

120Max 

120.220 

119.820 

0.620 

120.087 

119.880 

0294 

120.054 

119.964 

0.125 

Min 

120.000 

119.600 

0.180 

120.000 

119.793 

0.120 

1204)00 

119.929 

0.036 

160 Max 

160.250 

159.790 

0.710 

160.100 

159.855 

0345 

160.063 

159.957 

0.146 

Min 

160.000 

159.540 

0.210 

160.000 

159.755 

0.145 

160.000 

159.917 

0.043 

200 Max 

200.290 

199.760 

0.820 

200.115 

199.830 

0.400 

2004)72 

199.950 

0.168 

Min 

200.000 

199.470 

0.240 

200.000 

199.715 

0.170 

200M0 

199.904 

0.050 

250 Max 

250.290 

249.720 

0.860 

250.115 

249.830 

0.400 

250.072 

249.950 

0.168 

Min I 

250.000 

249.430 

0.280 

250.000 

249.715 

0.170 

250.000 

249.904 

0.050 

300Max 

300J20 

299.670 

0.970 

300.130 

299.810 

0.450 

3004)81 

299.944 

0.189 

Min 

300.000 

299 J50 

0J30 

300.000 

299.680 

0.190 

3004)00 

299392 

0D56 

400 Max 

400.360 

399.600 

1.120 

400.140 

399.790 

0.490 

400.089 

399.938 

0.208 

Min 

400.000 

399.240 

0.400 

400.000 

399.650 

0310 

400.000 

399.881 

0.062 

500 Max 

500.400 

499.520 

1.280 

500.155 

499.770 

0340 

500.097 

499.932 

0.228 

Min 

500.000 

499.120 

0.480 

500.000 

499.615 

0330 

500.000 

499369 

0.068 
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Table H-6. Preferred Hole Basis Clearance Fits 
(Dimensions in ^BUimeters) (cont) 


Basic Size 

Hole 

H7 

Sliding 

Shaft 

e6 

Fit 

1 

Max 

1.010 

0.998 

0.018 


Min 

1.000 

0.992 

0.002 

l^Max 

1210 

1.198 

0.018 


Min 

lOOO 

1.192 

0M2 

1.6 Max 

1.610 

1J98 

0.018 


Min 

1.600 

1592 

0.002 

2 

Max 

2J010 

1.998 

0.018 


Min 

2M0 

1392 

0M2 

2.5 Max 

2J10 

2.498 

0.018 


Min 

2300 

2,492 

0.002 

3 

Max 

30)10 

2.998 

OMS 


Min 

30)00 

2i^92 

0M2 

4 

Max 

4.012 

3.996 

0.024 


Min 

4.000 

3.988 

0.004 

5 

Max 

5*0U 

4.996 

OJ024 


Min 

5.000 

4588 

ojm 

6 

Max 

6.012 

5.996 

0.024 


Min 

6.000 

5.988 

0.004 

8 

Max 

8.015 

7595 

0J029 


Min 

8.000 

7586 

0M5 

10 

Max 

10.015 

9.995 

0.029 


Min 

10.000 

9.986 

0.005 

12 

Max 

12.018 

11.994 

oms 


Min 

12.000 

11.983 

ojm 

16 

Max 

16:018 

15.994 

0.035 


Min 

16.000 

15.983 

0.006 

20 

Max 

20.021 

19.993 

OMl 


Min 

20JOOO 

19.980 

0.007 

25 

Max 

25.021 

24.993 

0.041 


Min 

25.000 

24.980 

0.007 


Locational Qearance 
Hole Shaft Fit 
H7 h6 


Locational Transition 
Hole Shaft Fit 

H7 k6 

1.010 

1.006 

0.010 

1.000 

1.000 -0.006 

1210 

1.206 

0X10 n 

1200 

1200 -0.006 

1.610 

1.606 

0.010 a 

1.600 

1.600 -0.006 fl 

2M0 

2.006 

0X10 R 

2.000 

2.000 -0.006 

2.510 

2506 

0.010 

2.500 

2300 -0.006 y 

3J)10 

3X06 

0X10 y 

3sm 

3.000 -0.006 H 

4.012 

4.009 

0.011 

4.000 

4.001 -0.009 

5.012 

5.009 

0X11 H 

53)00 

5.001 -0.009 

6.012 

6.009 

0.011 

6.000 

6.001 

-0.009 

8.015 

8X10 

0.014 

ojm 

8.001 

-0.010 

10.015 

10.010 

0.014 

10.000 

10.001 

-0.010 

123)18 

12.012 

03)17 

123)00 

12.001 

-0X12 

16.018 

16.012 

0.017 

16.000 

16.001 

-0.012 

20.021 

20X15 

0.019 

20.000 

20.002 

-0.015 

25.021 

25.015 

0.019 

25.000 

25.002 

-0.015 

30X21 

30.015 

0.019 

30.000 

30X02 

-0.015 

40.025 

40.018 

0.023 

40.000 

40.002 

-0.018 

50.025 

50.018 

0.023 

50X00 

50.002 

-0X18 

60.030 

60.021 

0.028 

60.000 

60.002 

-0.021 

80.030 

80.021 

0X28 

80X00 

80.002 

-0X21 

100.035 

100.025 

0.032 

100.000 

100.003 

-0.025 

120X35 

120.025 

0X32 

120.000 

120.003 

-X.025 

160.040 

160.028 

0.037 

160.000 

160.003 

-0.028 

200X46 

2003)33 

0X42 

200.000 

2003)04 

-0.033 

250.046 

250.033 

0.042 

1 250.000 

250.004 

-0.033 

300.052 

300.036 

0X48 

1 300.000 

300.004 

-0X36 

f 400.057 

400.040 

0.053 

I 400.000 

400.004 

-0.040 

\ 500.063 

BOOMS 

0.058 

1 500.000 

5003)05 

-0X45 


60 


30 Max 
Min 
40 Max 
Min 
50 Max 
Min 
Max 
Min 
80 Max 
Min 
100 Max 
Min 
120 Max 
Min 
160 Max 
Min 
200 Max 
Min 
250 Max 
Min 
300 Max 
Min 
400 Mia 
Min 
500 Max 
Min 


30J121 

30.000 

40.025 

40.000 

50.025 

50.000 
60.030 

60.000 
80i)30 
gOJMH) 

100.035 

100.000 

120.035 

120.000 

160.040 

160.000 

200.046 

200.000 

250.046 

250.000 
300.052 

300.000 
400.057 

400.000 
500.063 

500.000 


29J93 

29.980 

39.991 

39.975 

49.991 

49.975 

59.990 

59.971 

79.990 

79.971 
99.988 

99.966 
119.988 

119.966 
159.986 
159.961 

199.985 

199.956 

249.985 

249.956 
299.983 
299.951 
399.982 
399.946 

499.980 
499.940 


OiMl 

0.007 

0.050 

0.009 

0.050 

0.009 

0.059 

0.010 

0.059 

03)10 

0.069 

0.012 

0.069 

0.012 

0.079 

0.014 

0.090 

03)15 

0.090 

0.015 

0.101 

0.017 

0.111 

0.018 

0.123 

0.020 


1.010 

1.000 

1.210 

1.200 

1.610 

1.600 

2.010 

2.000 

2.510 

2.500 

3.010 

3.000 

4.012 

4.000 

5.012 

5.000 

6.012 

6.000 

8.015 

8.000 

10.015 

10.000 

12.018 

12.000 

16.018 

16.000 

20.021 

20.000 

25.021 

25.000 
30.021 

30.000 

40.025 

40.000 
503)25 
503)00 
60.030 

60.000 
803)30 

80.000 

100.035 

100.000 

120.035 

120.000 

160.040 

160.000 
2003)46 

200.000 

250.046 

250.000 
300.052 
3003)00 
4003)57 

400.000 
500.063 

500.000 


1.000 

0.994 

L200 

L194 

1.600 

I. 594 
23)00 
L994 
Z500 
2.494 

3.000 
2594 

3.000 

3.992 

5.000 

4.992 

6.000 

5.992 
83)00 

7.991 

10.000 

9.991 

12.000 

II. 989 

16.000 
15.989 

20.000 

19597 

25.000 

24.987 

30.000 

29.987 

40.000 

39.984 

50.000 

49.984 

60.000 
59.981 

80.000 
79581 

100.000 

99.978 
1203)00 

119.978 

160.000 

159.975 
2003)00 

199.971 

250.000 

249.971 

300.000 
299568 

400.000 
399.964 
5003)00 
499560 


0.016 

0.000 

03)16 

0.000 

0.016 

0.000 

03)16 

03)00 

0.016 

0.000 

03)16 

03)00 

0.020 

0.000 

03)20 

03)00 

0.020 

0.000 

03)24 

03)00 

0.024 

03K)0 

03)29 

03)00 

0.029 

0.000 

03)34 

03)00 

0.034 

0.000 

03)34 

03)00 

0.041 

0.000 

03)41 

03)00 

0.049 

0.000 

03)49 

03)00 

0.057 

0.000 

03)57 

03)00 

0.065 

03)00 

03)75 

03)00 
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Table H-6. Preferred Hole Basis Clearance Fits 
(Dimensions in Millimeters) (cont) 


H Basic Size 

Locacionai Tiansition 
Hole Shaft Fit 

H7 n6 

Locational Interference 
Hole Shaft Fit 

H7 d6 

Medium Drive 
Hole Shaft 

H7 s6 

Fit 

H i Max 

1.010 

1.010 

0.006 

1.010 

1.012 

0.004 

1.010 

1.020 

-0.004 

Min 

1.000 

1.004 

-0.010 

1.000 

1.006 

-0.012 

1.000 

1.014 

-0.020 

12 Max 

IJIO 

1210 

0.006 

1210 

L2I2 

0.004 

1.210 

1020 

-0X04 

Min 

1.200 

L2M 

-4).010 

IJOO 

L206 

-0.012 

1.200 

1.214 

-0X20 

1.6 Max 

1.610 

1.610 

0.006 

1.610 

1.612 

0.004 

1.610 

1.620 

-0.004 

Min 

1.600 

1.604 

-0.010 

1.600 

1.606 

-0.012 

1.600 

1.614 

-0.020 

2 Max 

2^10 

UOlO 

0.006 

2.010 

2.012 

0.004 

2.010 

2X20 

-0X04 

Min 

2J)00 

2M4 

-0.010 

2.000 

2.006 

-0X12 

2.000 

2X14 

-0X20 

2.5 Max 

2.510 

2J10 

0.006 

2.510 

2.512 

0.004 

2.510 

2.520 

-0.004 

Min 

2.500 

2J04 

-0.010 

2.500 

2J506 

-0.012 

2.500 

2514 

-0.020 

3 Max 

3.010 

3.010 

0.006 

34)10 

3X12 

0X04 

3.010 

3X20 

-0.004 

Min 

3.000 

3.004 

-0.010 

3jm 

3X06 

-0X12 

3.000 

3X14 

-0.020 

4 Max 

4.012 

4.016 

0.004 

4.012 

4.020 

0.000 

4.012 

4,027 

-0.007 

Min 

4.000 

4.008 

-0.016 

4.000 

4.012 

-0.020 

4.000 

4.019 

-0.027 

5 Max 

5.012 

5.016 

0.004 

5.012 

5X20 

0.000 

5.012 

5.027 

-0X07 

Min 

5.000 

5.008 

-0.016 

5.000 

5X12 

-0.020 

5.000 

5.019 

-0X27 

6 Max 

6.012 

6.016 

0.004 

6.012 

6.020 

0.000 

6.012 

6.027 

-0.007 

Min 

6.000 

6.008 

-0.016 

6.000 

6.012 

-0.020 

6.000 

6.019 

-0.027 

8 Max 

8J)15 

8J119 

0.005 

84)15 

8.024 

04)00 

8.015 

8X32 

-0X08 

Min 

8.000 

84)10 

-0.019 

84)00 

8.015 

-04)24 

8.000 

8.023 

-04)32 

10 Max 

10.015 

10.019 

0.005 

10.015 

10.024 

0.000 

10.015 

10.032 

-0.008 

Min 

10.000 

10.010 

-0.019 

10.000 

10.015 

-0.024 

10.000 

10.023 

-0.032 

12 Max 

12.018 

12.023 

0.006 

12.018 

12.029 

0.000 

UX18 

1Z039 

-0X10 

Min 

12.000 

12.012 

-0.023 

12.000 

12.018 

-0.029 

124)00 

124)28 

-0.039 

1 16 Max 

16.018 

16.023 

0.006 

16.018 

16.029 

0.000 

16.018 

16.039 

-0.010 

Min 

16.000 

16.012 

-0.023 

16.000 

16.018 

-0.029 

16.000 

16.028 

-0.039 

20 Max 

20J)21 

20.028 

0.006 

20.021 

20.035 

-0.001 

20.021 

20.048 

-04)14 

Min 

20.000 

20.015 

-0.028 

20.000 

2a022 

-0X35 

20.000 

20.035 

-04)48 

25 Max 

25.021 

25.028 

0.006 

25.021 

25.035 

-0.001 

25.021 

25.048 

-0.014 

Min 

25.000 

25.015 

-0.028 

25.000 

25.022 

-0.035 

25.000 

25.035 

-0.048 

30 Max 

30J121 

30.028 

0.006 

30.021 

30.035 

-04)01 

30X21 

30.048 

-04)14 

Min 

30.000 

30.015 

-0.028 

30.000 

30.022 

-04)35 

30X00 

30.035 

-0.048 

40 Max 

40.025 

40.033 

0.008 

40.025 

40.042 

-04)01 

40.025 

40.059 

-0.018 

Min 

40.000 

40.017 

-0.033 

40.000 

40.026 

-0.042 

40.000 

40.043 

-0.059 

50 Max 

50J)25 

50.033 

0.008 

50.025 

504)42 

-04)01 

50.025 

50.059 

-0.018 

Min 

sojm 

50.017 

-0.033 

50.000 

504)26 

-04)42 

50X00 

50.043 

-0.059 

60 Max 

60.030 

60.039 

0.010 

60.030 

60.051 

-0.002 

60.030 

60.072 

-0.023 

Min 

60.000 

60.020 

-0.039 

60.000 

60.032 

-0.051 

60.000 

60.053 

-0.072 

80 Max 

80i)30 

80.039 

0.010 

804)30 

80.051 

-04)02 

80.030 

80X78 

-0.029 

Min 

80.000 

80.020 

-0.039 

804)00 

80.032 

-04)51 

80.000 

80.059 

-0.078 

100 Max 

100.035 

100.045 

0.012 

100.035 

100.059 

-0.002 

100.035 

100.093 

-0.036 

Min 

100.000 

100.023 

-0.045 

100.000 

100.037 

-04)59 

100.000 

100.071 

-0.093 

120 Max 

120J»35 

U0.045 

0.012 

120.035 

1204)59 

-04)02 

120X35 

120.101 

-0.044 

Min 

120iMM) 

120.023 

-0.045 

120.000 

1204)37 

-04)59 

120X00 

120.079 

-0.101 

160 Max 

160.040 

160.052 

0.013 

160.040 

160.068 

-0.003 

160.040 

160.125 

-0.060 

Mi^ 

160.000 

160.027 

-0.052 

160.000 

1604)43 

-0.068 

160.000 

160.100 

-0.125 

200 Max 

200iM6 

200.060 

0.015 

2004)46 

2004)79 

-0.004 

200.046 

200.151 

^).076 

Min 

2MJm 

200.031 

-0.060 

mooo 

2004)50 

-04)79 

200.000 

200.122 

-0.151 

250 Max 

250.046 

250.060 

0.015 

250.046 

2504)79 

-0.004 

250.046 

250.169 

-0.094 

Min 

250.000 

250.031 

-0.060 

250.000 

2504)50 

-0.079 

250.000 

250.140 

-0.169 

300 Max 

300.052 

300.066 

0.018 

300.052 

3004)88 

-04)04 

300X52 

300002 

—0.118 

Min 

300.000 

300.034 

-0.066 

3004)00 

3004)56 

-04)88 

300X00 

300.170 

-0.202 

400 Max 

400.057 

400.073 

0.020 

400.057 

400.098 

-0.005 

400.057 

400044 

-0.151 

Min 

400.000 

400.037 

-0.073 

400.000 

400.062 

-0.098 

400.000 

400008 

-0.244 

1 500 Max 

500.063 

500.080 

0.023 

5004)63 

500.108 

-04)05 

500.063 

500092 

-0.189 

1 Min 

500.000 

500.040 

-0.080 

500.000 

5004)68 

-0.108 

500X00 

500052 

-0.292 
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Table H-6. Preferred Hole Basis Clearance Fits 
(Dimensions in Millimeters) (cont) 


Basic Size 

Hole 

H7 

Force 

Shaft 

u6 

Fit 

1 Max 

1.010 

1.024 

-0.008 

Min 

1.000 

1.018 

-0.024 

12 Max 

1.210 

1.224 

-4).008 

Min 

1.200 

L218 

-0.024 

1.6 Max 

1.610 

1.624 

-0.008 

Min 

1.600 

1.618 

-0.024 

2 Max 

2.010 

Z024 

-0.008 

Min 

2.000 

2.018 

-0.024 

2 J Max 

2J10 

2524 

-0.008 

Min 

2.500 

2518 

-0.024 

3 Max 

3.010 

3.024 

-0.008 

Min 

3.000 

3.018 

-0.024 

4 Max 

4.012 

4.031 

-0.011 

Min 

4.000 

4.023 

-0.031 

5 Max 

5.012 

5.031 

-04)11 

Min 

5.000 

5.023 

-0.031 

6 Max 

6.012 

6.031 

-0.011 

Min 

6.000 

6.023 

-0.031 1 

8 Max 

8.015 

8J»37 

-04)13 

Min 

8.000 

8.028 

-0J137 

10 Max 

10.015 

10.037 

-0.013 

Min 

10.000 

10.028 

-0.037 

12 Max 

12.018 

12J044 

-0.015 

Min 

12JM)0 

124)33 

-0.044 

16 Max 

16.018 

16.044 

-0.015 

Min 

16.000 

16.033 

-0.044 

20 Max 

20J)21 

204)54 

-0.020 

Min 

20.000 

20.041 

-04)54 

25 Max 

25.021 

25.061 

-0.027 

Min 

25.000 

25.048 

-0.061 

30 Max 

30.021 

304)61 

-04)27 

Min 

30.000 

304)48 

-04)61 

40 Max 

40.025 

40.076 

-0.035 

Min 

40.000 

40.060 

-0.076 

50 Max 

50.025 

50.086 

-4)4)45 

Min 

SQJm 

504)70 

-04)86 

60 Max 

60.030 

60.106 

-0.057 

Min 

60.000 

60.087 

-0.106 

80 Max 

80.030 

80.121 

-0.072 

Min 

80.000 

80.102 

-0.121 

100 Max 

100.035 

100.146 

-0.089 

Min 

100.000 

100.124 

-0.146 

120Max 1 

120.035 

120.166 

-0.109 

Min 

120.000 

120.144 

-0.166 

160 Max 

160.040 

160215 

-0.150 1 

Min 

160.000 

160.190 

-0215 

200 Max 

2004)46 

200265 

-0.190 

Min 

2004)00 

200236 

-0265 

250 Max 

250.046 

250313 

-0238 

Min 

250.000 

250284 

-0313 

300 Max 

3004)52 

300382 

-0298 

Min 

300.000 

300350 

-0382 

400 Max 

400.057 

400.471 

-0378 

Min 

400.000 

400.435 

-0.471 1 

SOOMax 

500.063 

500380 

-0.477 1 

Min 

500.000 

500340 

-0380 1 
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Table H-7. Preferred Shaft Basis Clearance Pits 
(Dimensions in Millimeters) 


1 

Basic Sue 

Loose Running 
Hole Shaft Fit 

Cll hll 

Free Running 
Hole Shaft 

D9 h9 

Fit 

Close Running 
Hole Shaft 

F8 h7 

Fit 

I Max 

1.120 

1.000 

0.180 

1.045 

1.000 

0.070 

1.020 

1.000 

0.030 

Min 

1.060 

0.940 

0.060 

1.020 

0.975 

0.020 

1.006 

0.990 

0.006 

Max 

1J20 

L200 

0J80 

1245 

1200 

0J)70 

1.220 

L200 

0.030 

Min 

1.260 

L140 

0J)60 

1220 

L175 

0i)20 

1J06 

1.190 

0.006 

1.6 Max 

1.720 

1.600 

0.180 

1345 

1.600 

0.070 

1.620 

1.600 

0.030 

Min 

1.660 

1.540 

0.060 

1j620 

1375 

0.020 

1.606 

1.590 

0.006 

2 Max 

2.120 

2jm 

0J80 

2545 

2.000 

0i)70 

24)20 

2.000 

0.030 

Min 

2j060 

1.940 

0560 

2520 

L975 

04)20 

24)06 

1.990 

0306 

2.5 Max 

2.620 

Z500 

0.180 

2J45 

2.500 

0.070 

2.520 

2.500 

0.030 

Min 

2.560 

2.440 

0.060 

2520 

2.475 

0.020 

2306 

2.490 

0.006 

3 Max 

3.120 

3.000 

0.180 

3545 

3.000 

04)70 

34)20 

3.000 

04)30 

Min 

3.060 

2540 

0J160 

3520 

2375 

0.020 

34)06 

2.990 

0306 

4 Max 

4.145 

4.000 

0.220 

4.060 

4.000 

0.090 

4.028 

4.000 

0.040 

Min 

4.070 

3.925 

0.070 

4.030 

3.970 

0.030 

4.010 

3.988 

0.010 

5 Max 

5.145 

5.000 

0520 

5360 

5.000 

0.090 

5.028 

5.000 

0340 

Min 

sjyjo 

4525 

0570 

5530 

4.970 

04)30 

54)10 

4.988 

0.010 

6 Max 

6.145 

6.000 

0220 

6.060 

6.000 

0.090 

6.028 

6.000 

0.040 

Min 

6.070 

5.925 

0.070 

6.030 

5.970 

0.030 

6.010 

5.988 

0.010 

8 Max 

8.170 

8500 

0260 

8576 

8.000 

0.112 

84)35 

8.000 

0350 

Min 

8.080 

7510 

0J)8O 

8.040 

7.964 

0.040 

8.013 

7.985 

0313 

10 Max 

10.170 

10.000 

0260 

10,076 

10.000 

0.112 

10.035 

10.000 

0.050 

Min 

10.080 

9.910 

0.080 

10.040 

9.964 

0.040 

10.013 

9.985 

0.013 

12 Max 

12.205 

12.000 

0J15 

12.093 

12.000 

0.136 

12.043 

12.000 

0.061 

Min 

12.095 

11590 

0595 

12350 

1L957 

0350 

124)16 

1L982 

0.016 

16 Max 

16,205 

16.000 

0315 

16.093 

16.000 

0.136 

16.043 

16.000 

0.061 

Min 

16.095 

15.890 

0.095 

16.050 

15.957 

0.050 

16.016 

15.982 

0.016 

20 Max 

20.240 

20.000 

0370 

20.117 

20.000 

0.169 

20.053 

20.000 

0.074 

Min 

20.110 

19.870 

0.110 

20565 

19.948 

0365 

20.020 

19.979 

0.020 

25 Max 

25.240 

25.000 

0370 

25.117 

25.000 

0.169 

25.053 

25.000 

0.074 

II Min 

25.110 

24.870 

0.110 

25.065 

24.948 

0.065 

25.020 

24.979 

0.020 

30 Max 

30.240 

30.000 

0370 

30.117 

30.000 

0J69 

30.053 

30.000 

0374 

Min 

30.110 

29S70 

0.110 

30365 

29348 

0365 

30320 

29.979 

0320 

40 Max 

40.280 

40.000 

0.440 

40.142 

40300 

0J204 

40.064 

40.000 

0.089 

Min 

40.120 

39.840 

0.120 

40.080 

39.938 

0.080 

40.025 

39.975 

0.025 

50 Max 

50.290 

50.000 

0450 

50342 

50.000 

0304 

1 50364 

50.000 

0.089 

Min 

50.130 

49S40 

0.130 

50380 

49338 

0380 

50.025 

49.975 

0.025 

60 Max 

60.330 

60.000 

0320 

60.174 

60.000 

0248 

60.076 

60.000 

0.106 

Min 

60.140 

59.810 

0.140 

60.100 

59.926 

0.100 

60.030 

59.970 

0.030 

80 Max 

80J40 

80.000 

0330 

80.174 

80.000 

0048 

80376 

80.000 

0.106 

Min 

80.150 

79.810 

0.150 

80.100 

79.926 

0.100 

80330 

79.970 

0.030 

100 Max 

100.390 

100.000 

0.610 

100307 

100.000 

0094 

100.090 

100.000 

0.125 

Min 

100.170 

99.780 

0.170 

100.120 

99.913 

0.120 

100.036 

99.965 

0.036 

120 Max 

120.400 

120.000 

0320 

120307 

120ii00 

0094 

120390 

120.000 

0.125 

Min 

120.180 

119.780 

0.180 

120320 

119313 

0.120 

120336 

119365 

0336 

160 Max 

160.460 

160.000 

0.710 

160345 

160.000 

0345 

160.106 

160.000 

0.146 

Min 

160.210 

159.750 

0310 

160.145 

159300 

0.145 

160.043 

159.960 

0.043 

200 Max 

200.530 

200.000 

0320 

200385 

200300 

0.400 

200.122 

200300 

0.168 

Min 

200.240 

199.710 

0340 

200370 

199385 

0070 

200.050 

199.954 

0.050 

2S0Ma:( 

250.570 

250.000 

0.860 

250385 

250300 

0.400 

250.122 

250.000 

0.168 

Min 

250.280 

249.710 

0380 

250.170 

249.885 

0.170 

250.050 

249.954 

0.050 

300 Max 

300.650 

300.000 

0370 

300320 

300300 

0.450 

300.137 

300.000 

0.189 

Min 

300J30 

299.680 

0330 

300390 

299370 

0.190 

300.056 

299.948 

0.056 

400 Max 

400.760 

400.000 

1.120 

400350 

400.000 

0.490 

400.151 

400.000 

0208 

Min 

400.400 

399.640 

0.400 

400310 

399.860 

OOlO 

400.062 

399.943 

0.062 

500 Max 

500.880 

500.000 

1380 

500385 

500300 

0340 

500.165 

500.000 

0228 

Min 

500.480 

499.600 

0.480 

500330 

499345 

0030 

500.068 

499337 

0.068 
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Table H-7. Preferred Shaft Basis Clearance Fits 
(Dimensioiis in MUlmieters) (cent) 



Basic Size 


1 

Max 

1.012 

1.000 

0.018 

1.010 


Min 

1.002 

0.994 

0.002 

1.000 

Max 

1,212 

1,200 

0,018 

1,210 


Min 

1,202 

1.194 

04)02 

1,200 

1.6 

Max 

1.612 

1.600 

0.018 

1.610 


Min 

1.602 

1.594 

0.002 

1.600 

2 

Max 

24)12 

24)00 

0.018 

2.010 


Min 

24)02 

1.994 

0.002 

2.000 

2J 

Max 

2312 

2300 

0.018 

2310 


Min 

2302 

2.494 

0.002 

2.500 

3 

Max 

34)12 

3,000 

0.018 

3.010 


Min 

34)02 

2,994 

0.002 

3,000 

4 

Max 

4.016 

4.000 

0.024 

4.012 


Min 

4.004 

3.992 

0.004 

4.000 

5 

Max 

5,016 

54)00 

04)24 

5.012 


Min 

54)04 

4.992 

04)04 

5,000 

6 

Max 

6.016 

6.000 

0.024 

6.012 


Min 

6.004 

5.992 

0.004 

6.000 

8 

Max 

84)20 

84)00 

0.029 

8.015 


Min 

8,005 

7,991 

04)05 

8,000 

10 

Max 

10.020 

10.000 

0.029 

10.015 


Min 

10.005 

9.991 

0.005 

10.000 

12 

Max 

12,024 

124)00 

04)35 

1Z018 


Min 

12,006 

11.989 

0,006 

IZOOO 

16 

Max 

16.024 

16.000 

0.035 

16.018 


Min 

16.006 

15.989 

0.006 

16.000 

20 

Max 

20.028 

20,000 

0.041 

20.021 


Min 

20.007 

19,987 

0.007 

20.000 

25 

Max 

25.028 

25.000 

0.041 

25.021 


Min 

25.007 

24.987 

0.007 

25.000 

30 

Max 

30.028 

304)00 

0.041 

30,021 


Min 

30.007 

29.987 

04)07 

30.000 


40 Max 
Min 
50 Max 
Min 
60 Max 
Min 
80 Max 
Min 
100 Max 
Min 
120 Max 
Min 
160 Max 
Min 
200 Max 
Min 
250 Max 
Min 
300 Max 
Min 
400 Max 
Min 
500 Max 
Min 


40.034 

40.009 

50.034 

50.009 

60.040 

60.010 

80.040 

80.010 

100.047 
100.012 

120.047 
120.012 
160.054 

160.014 
200.061 

200.015 
250.061 

250.015 
300.069 

300.017 
400.075 

400.018 
500.083 
500.020 


40.000 

39.984 

50.000 

49.984 

60.000 

59.981 

80.000 

79.981 

100.000 

99.978 

120.000 

119.978 

160.000 

159.975 

msm 

199.971 

250.000 

249.971 

300.000 
299.968 

400.000 
399.964 

500.000 

499.960 


0.050 

0.009 

0.050 

0.009 

0.059 

0.010 

0.059 

0.010 

0.069 

0.012 

0i)69 

00)12 

0.079 

0.014 

0.090 

00)15 

0.090 

0.015 

0.101 

00)17 

0.111 

0.018 

0.123 

0.020 


40.025 

40.000 

50.025 

50.000 

60.030 

60.000 

80.030 

80.000 

100.035 

100.000 

120.035 
1204)00 

160.040 

160.000 

200.046 
2004)00 

250.046 

250.046 
300.052 
3004)00 
400.057 

400.000 
500.063 

500.000 


1.000 

0,994 

L200 

1.194 

1.600 

1.594 

ZOOO 

1.994 

1500 

1494 

3.000 

1994 

3.000 

3.992 

5.000 

4.992 

6.000 

5.992 

8.000 

7.991 

10.000 

9.991 
11000 

11.989 

16.000 

15.989 

20.000 
19.897 

25.000 

24.987 

30.000 

29.987 

40.000 

39.984 

50.000 

49.984 

60.000 

59.981 

80.000 

79.981 

100.000 

99.978 

120.000 

119.978 

160.000 

159.975 

200.000 

199.971 

250.000 

249.971 
3004)00 
299.968 

400.000 
399.964 

500.000 

499.960 


0.016 

0.000 

0.016 

0.000 

0.016 

0.000 

0.016 

0.000 

0.016 

0.000 

0.016 

04)00 

0.020 

0.000 

0.020 

0.000 

0.020 

0.000 

0.024 

0.000 

0.024 

0.000 

0.029 

0.000 

0.029 

0.000 

04)34 

0.000 

0.034 

0.000 

0.034 

0.000 

0.041 

0.000 

0.041 

0.000 

0.049 

0.000 

0.049 

0.000 

0.057 

0.000 

04)57 

0.000 

0.065 

0.000 

0.075 

0.000 

0.075 

0.000 

0.084 

04)00 

0.093 

0.000 

0.103 

0.000 


Locadonal Transition 
Hole Shaft Fit 


1.000 

0.990 

1.200 

I. 190 
1.600 
1J90 

2.000 

1.990 
2.500 
2.490 

3.000 

2.990 

4.003 

3.991 

5.003 

4.991 

6.003 

5.991 

8.005 

7.990 

10.005 

9.990 

12.006 

II. 988 

16.006 

15.988 

20.006 

19.985 

25.006 

24.985 
304)06 

29.985 

40.007 

39.982 
504)07 

49.982 
60.009 

59.979 
804)09 

79.979 

100.010 

99.975 

120.010 

119.975 

160.012 

159.972 

200.013 

199.967 

250.013 

249.967 

300.016 
299564 

400.017 

399.960 

500.018 
499.955 


mm 


0.994 -0.010 
1.200 0UM)6 

1.194 -0.010 
1.600 0.006 
1.594 -0.010 
2.000 0.006 

1.994 -0.010 

2300 0.006 

2.494 -0.010 
3.000 0.006 

2.994 -0.010 

3.000 0.011 

3.992 -0.009 

5.000 0.011 
4392 -0.009 

6.000 0.011 

5.992 -0.009 

8J100 0314 

7391 -0.010 


10.000 

9.991 

12.000 


0.014 

- 0.010 

0.017 


11.989 -0.012 

16.000 0.017 

15.989 -0.012 

20.000 0.019 
19397 -0.015 

25.000 0.019 
24.987 -0.015 

30.000 0.019 
29387 -0.015 

40.000 0.023 

39.984 -0.018 

50.000 0.023 

49.984 -0.018 


60.000 

59.981 

80300 


0.028 

- 0.021 

0.028 


250.000 
249.971 

300.000 


79.981 -0.021 

100.000 0.032 
99.978 -0.025 

120300 0.032 

119.978 -0.025 

160.000 0.037 
159.975 -0.028 

200.000 0.042 
199371 -0.033 


0.042 

-0.033 

0.048 


299368 -0.036 

400.000 0.053 
399.964 -0.040 

500.000 0.058 
499.960 -0.045 
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Table H-7. Preferred Shaft Basis Clearance Fits 
Oimensions in Millimeters) (cent) 


Basic Size 

Locational Transition 
Hole Shaft Ht 

N7 h6 

Locational Inteiference 
Hole Shaft Ftt 

P7 h6 

Medium Diive 
Hole Shaft 

S7 h6 

Fit 

1 Max 

0.9% 

1.000 

0.002 

0.994 

1.000 

0.000 

0.986 

1.000 

-0.008 

Min 

0.986 

0.994 

-0.014 

0.984 

0.994 

-0.016 

0.976 

0.994 

-0.024 

L2 Max 

L196 

1J200 

04)02 

1.194 

L200 

0.000 

L186 

1X00 

-0.008 

Min 

1.186 

1.194 

-0.014 

1.184 

L194 

-0.016 

L176 

1.194 

-0524 

1.6 Max 

13% 

1.600 

0.002 

1.594 

1.600 

0.000 

1.586 

1.600 

-0.008 

NOn 

1386 

1394 

-0.014 

1.584 

1394 

-0.016 

1376 

1394 

-0.024 

2 Max 

IS96 

2D00 

0.002 

1.994 

2.000 

0.000 

L986 

2.000 

—0*008 

Min 

1.986 

1S94 

-0.014 

1.984 

L994 

-0.016 

1.976 

1594 

-0.024 

2.5 Max 

2.496 

2.500 

0.002 

2.494 

2300 

0.000 

2.486 

2.500 

-0.008 

Min 

2.486 

2.494 

-0.014 

2,484 

2.494 

-0.016 

2476 

2.494 

-0.024 

3 Max 

2.996 

3.000 

04)02 

2.994 

3.000 

0.000 

2386 

3.000 

-0.008 

Min 

2.986 

Z994 

-0.014 

2.984 

2.994 

-0.016 

2.976 

2594 

-0.024 

4 Max 

3.9% 

3.000 

0.004 

3.992 

3-000 

0.000 

3.985 

3.000 

—0-007 

Min 

3.984 

3.992 

-0.016 

3.980 

3.992 

-0.020 

3.973 

3.992 

-0.027 

5 Max 

4.996 

5.000 

0.004 

4.992 

5.000 

0.000 

4585 

5500 

-0.007 

Min 

4.984 

4.992 

-04)16 

4.980 

4.992 

-0.020 

4.973 

4.992 

—0*027 

6 Max 

5.996 

6XXX) 

0.004 

5.992 

6.000 

0.000 

5.985 

6.000 

-0.007 

Min 

5.984 

5.992 

-0.016 

5.980 

5.992 

-0.020 

5.973 

5.992 

-0.027 

8 Max 

7.996 

8D00 

0.005 

7.991 

8.000 

oooo 

7583 

8.000 

-0.008 

Min 

7.981 

7591 

-0.019 

7.976 

7591 

-0.024 

7.968 

7.991 

-0.032 

10 Max 

9.996 

10.000 

0.005 

9.991 

10.000 

0X00 

9.983 

10.000 

^).0O8 

Min 

9.981 

9.991 

-0.019 

9.976 

9.991 

-0.024 

9.968 

9.991 

-0.032 

12 Max 

11.995 

12.000 

0.006 

11.989 

12.000 

0.000 

11379 

12X00 

^)«010 

Min 

11.977 

11.989 

-0.023 

11.971 

1L989 

-0.029 

11561 

11589 

-0.039 

16 Max 

15.995 

16.000 

0.006 

15.989 

16.000 

0.000 

15.979 

16.000 

-0.010 

Min 

15.977 

15.989 

-0.023 

15.971 

15.989 

-0.029 

15.961 

15.989 

-0.039 

H 20 Max 

19.993 

20.000 

04)06 

19.986 

20.000 

-0.001 

19573 

20500 

-0.014 

H Min 

19.972 

19397 

-0.026 

19.965 

19X97 

-0535 

19552 

19X97 

-0.048 

25 Max 

24.993 

25.000 

0.006 

24.986 

25.000 

-0.001 

24.973 

25.000 

-0.014 

Min 

24.972 

24.987 

-0.028 

24.%5 

24.987 

-0X35 

24552 

24.987 

-0.048 

30 Max 

29.993 

30.000 

0X06 

29.986 

30X00 

-0X01 

29373 

30X00 

-0.014 

Min 

29.972 

29.987 

-0.028 

29.965 

29387 

-0X35 

29352 

29387 

-0.048 

40 Max 

39.992 

40.000 

0.008 

39.983 

40.000 

-0.001 

39.9% 

40.000 

-0.018 

Min 

39.967 

39.984 

-0.033 

39.958 

39.984 

-0.042 

39.941 

39.984 

-0.059 

50 Max 

49.992 

50.000 

0X08 

49.983 

50.000 

-0X01 

49366 

50X00 

-0.018 

1 Min 

49.967 

49.984 

-0X33 

49.958 

49384 

-0X42 

49341 

49384 

-0.059 

H 60 Max 

59.991 

60.000 

0.010 

59.979 

60.000 

-0.002 

59.958 

60.000 

-0.023 

Min 

59.961 

59.981 

-0.039 

59.949 

59.981 

-0.051 

59.928 

59.981 

-0.072 

80 Max 

79S91 

80.000 

0X10 

79.979 

80X00 

-0X02 

79352 

80X00 

-0.029 

Min 

79.961 

79381 

-0X39 

79349 

79381 

-0X51 

79322 

79381 

—0.078 

100 Max 

99.990 

100.000 

0.012 

99.976 

100X00 

-0.002 

99.942 

100.000 

•^).036 

Min 

99.955 

99.978 

-0.045 

99.941 

99.978 

-0.059 

99.907 

99.978 

-0.093 

120 Max 

119.990 

120.000 

0X12 

119376 

120X00 

-0X02 

119334 

120X00 

—0.044 

Min 

119.955 

119.978 

-0.045 

119341 

119378 

-0X59 

119X99 

119378 

-0.101 

160 Max 

159.988 

160.000 

0.013 

159372 

160X00 

-0.003 

159.915 

160.000 

^0.060 

Min 

159.948 

159.975 

-0.052 

159.932 

159.975 

-0.068 

159.875 

159.975 

-0.125 

200 Max 

199.986 

200.000 

0X15 

199367 

200X00 

-0X04 

199X95 

200.000 

-0.076 

Min 

199.940 

199.971 

-0X60 

199321 

199371 

-0X79 

199X49 

199371 

^).151 

250 Max 

249.986 

250.000 

0.015 

249.%7 

250.000 

-0.004 

249.877 

250.000 

-0.094 

H Min 

249.940 

249.971 

-0.060 

249321 

249.971 

-0.079 

249.831 

249.971 

-0.169 

I 300 Max 

299.986 

300.000 

0X18 

299364 

300X00 

-0X04 

299X50 

300X00 

—0.118 

1 Min 

299.934 

299.968 

-0X66 

299312 

299368 

-0X88 

299.798 

299368 

-0X02 

n 400 Max 

399.984 

400.000 

0.020 

399.959 

400.000 

-0.005 

399.813 

400.000 

^0.151 

H Min 

399.927 

399.964 

-0.073 

399.902 

399.964 

-0.098 

399.756 

399.964 

-0.244 

1 500 Max 

499.983 

500.000 

0.023 

499355 

500X00 

-0X05 

499.771 

500.000 

-0.189 

1 Min 

499.920 

499.960 

-0X80 

499X92 

499360 

-0.108 

499.708 

499.960 

-0X92 
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Table H-7. Preferred Shaft Basis Clearance Fits 
(Dimensions in Millimeters) (cont) 


Basic Size 

Hole 

U7 

Force 

Shaft 

h6 

H. 

1 Max 

0.982 

LOGO 

-0.012 

Min 

0.972 

0.994 

-0.028 

Max 

1.182 

IJOO 

-0.012 

Min 

1.172 

1.194 

-0.028 

1.6 Max 

1J82 

L600 

-0.012 

Min 

1.572 

1594 

-0.028 

2 Max 

1.982 

2.000 

-0.012 

Min 

1J»72 

1594 

-0.028 

2.5 Max 

2.482 

2500 

-0.012 

Min 

2.472 

2.494 

-0.028 

3 Max 

2.982 

3.000 

-0.012 

Min 

1311 

2.994 

-0.028 

4 Max 

3.981 

3.000 

-0.011 

Min 

3.969 

3.992 

-0.031 

5 Max 

4.981 

5.000 

-0.011 

Min 

4.969 

4.992 

-0.031 

6 Max 

5.981 

6.000 

-0.011 

Min 

5.969 

5.992 

-0.031 

8 Max 

7.978 

84HH) 

-0.013 

Min 

7.963 

7591 

-0i)37 

10 Max 

9.978 

10.000 

-0.013 

Min 

9.%3 

9.991 

-0.037 

12 Max 

11.974 

12.000 

-0.015 

Min 

11556 

11.989 

-0.044 

16 Max 

15.974 

16.000 

-0.015 

Min 

15.956 

15.989 

-0.044 

20 Max 

19.967 

20.000 

-0.020 

Min 

19.946 

19597 

-0.054 

25 Max 

24.960 

25.000 

-0.027 

Min 

24.939 

24.987 

-0.061 

30 Max 

29.960 

30.000 

-0.027 

Min 

29.939 

29.987 

-0.061 

40 Max 

39.949 

40.000 

-0.035 

Min 

39.924 

39.984 

-0.076 

50 Max 

49.939 

50.000 

-0.045 

Min 

49.914 

49.984 

-0.086 

60 Max 

59.924 

60.000 

-0.057 

Min 

59.894 

59.981 

-0.106 

80 Max 

79.909 

80.000 

-0.072 

Min 

79.879 

79.981 

-0.121 

100 Max 

99.889 

100.000 

-0.089 

Min 

99.854 

99.978 

-0.146 

120 Max 

119.869 

120.000 

-0.109 

Min 

119.834 

119.978 

-0.166 

160 Max 

159.825 

160.000 

-0.150 

Min 

159.785 

159.975 

-0.215 

200 Max 

199.781 

200.000 

-0.190 

Min 

199.735 

199.971 

-0565 

250 Max 

249.733 

250.000 

-0.238 

Min 

249.687 

249,971 

-0.313 

300Max 

299.670 

300.000 

-0598 

Min 

2994>18 

299.968 

-0582 

400 Max 

399.586 

400.000 

-0.378 

Min 

399.529 

399.964 

-0.471 H 

500 Max 

499.483 

500.000 

-0.477 H 

Min 

499.420 

499.960 

-0580 1 
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UNTTINDEX 


Unit 

Paraeranh 

acceleration 

activity, of a radionuclide 
amount of a substance 
ampere 
angle, plane 

11.2.9, 11.2.10.8 
2.5.17.1, 2.7.2 
2.3.6 

2.3.4, 4.2.3, 11.2.18 
2.7.1.2, 7.4.5.1, 7.4.5.2.2, 11.2.6, 
11.2.10, 11.3.1.3 

angle, solid 
area 

astronomic unit 
atomic mass unit 

2.4.2 

2.7.1.3, 2.7.2, 5.7, 11.2.2 

2.7.3 
2.7.3 

bar 

bam 

becquerel 

2.7.2.2, 11.2.11 
2.7.2 
2.5.17.1 

candela 

capacitance 

centimeters 

circular mils (thousands of) 

conductance 

coulomb 

cubic feet (thousands of) 

cubic meter 

curie 

2.3.7, 11.2.19 
11.2.18 
3.7 

4.4.3, 11.3.5.3 
11.2.18 
2.5.6, 11.2.18 
4.4.3 

2.7.1.4, 11.2.3, 11.2.5.1 
2.7.2 

day 

decibel 

degree Celsius 
degree (of arc) 
density 
dose, absorbed 
dose equivalent 

11.2.7 

11.2.20 

2.5.14, 4.2.1, 4.5. 6.4, 11.2.8 
2.7.1.12, 4.5, 7.4.5.1, 11.2.6 

2.7.1 

2.5.17.2, 2.7.2 

2.5.17.3, 2.7.2 

electric 

charge 

current 

potential 

electricity, quantity of 
electronvolt 

11.2.18 
11.2.18 
4.2.6, 11.2.18 
2.5.6, 11.2.18 
2.7.3 
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UNIT INDEX (cont) 


Unit 


Paragraph 


ener^ 

exposure (X and gamma rays) 

farad 

force 

frequency 

gram 

gray 

heat 

heat flow rate 

heniy 

hectare 

hour 

hertz 

illuminance 

impedance 

inductance 


2.7.2.1, 4.2.6, 11.2.13 
2.7.2 

2.5.8, 11.2.18 

2.7.1.7, 11.2.9, 11.2.10.8, 11.2.12 
11.2.10.2, 11.2.17 

3.7, 11.2.4 
2.5.17.2 

11.2.13 

11.2.14 
2.5.13, 11.2.18 

2.7.1, 11.2.2 
11.2.7 

2.5.1, 4.2.2, 11.2.10, 11.2.17 

11.2.19 

11.2.20 

5.7, 11.2.18 


joule 


2.5.4, 11.2.10.3, 11.2.10.6, 11.2.13 


kelvin 

kilogram 

kilometer 

kilowatthour 


2.3.5, 11.2.8 

2.3.2, 2.7.1.5, 2.7.1.7, 3.2, 3.6, 4.6.2, 5.7, 11.2.4 

11 . 2 . 1 , 11 . 3 . 1.2 

2.7.2.1, 11.2.13 


length 

liter 

lumen 

luminous flux 


7.4.5, 7.4.5.2.1, 8.3.6, 11.2.1, 11.3.1.2 
2.7.1.14, 4.2.1, 5.1, 11.2.3 
2.5.15, 11.2.19 
11.2.19 


luminous intensity 
lux 


11.2.19 
2.5.16, 4.2.2, 11.2.19 


magnetic flux 
magnetic flux density 
mass 

megagram 

meter 


11.2.18 

11.2.18 

2.7.1.5, 5.7, 11.2.4, 11.2.9 
2.7.1.5 


2.3.1, 5.1, 11.2.1 
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UNIT INDEX (cont) 


Unit 

metric ton 
micrometer 
millimeter 
minute 

minute (of arc) 
mole 

newton 
newton meter 

ohm 

parsec 

pascal 

permeance 

permeance, permeability (vapor) 

power 

pressure 

rad 

radian 

reluctance 

rem 

resistance (electrical, acoustic) 
resistance, resistivity (vapor) 
roentgen 

second 

second (of arc) 
siemens 

square kilometer 

square meter 

square millimeter 

steradian 

stress 

sievert 

temperature 

tesla 


Paragraph 

2.7.1.5, 11.2.4 
11.2.1, 11.2.16 
6.4, 8.2, 8.3.6, 11.1.3, 11.2.1 

11.2.7 

2.7.1.2, 4.5, 7.4.5.1, 11.2.6 

2.3.6 


2.5.2, 2.7.1.7, 5.7, 11.2.9, 11.2.12 

11.2.10 

2.5.9, 4.2.5, 11.2.18 

2.7.3 

2.5.3, 2.7.2.2, 4.2.6, 11.2.11 

11.2.18 
11.2.15 
4.2.6, 11.2.14 

2.7.2.2, 4.2.6, 11.2.11, 11.2.20 

2.7.2 

2.4.1, 7.4.5.1, 11.2.10 
11.2.18 

2.7.2 

5.7, 11.2.18, 11.2.20 
11.2.15 

2.7.2 

2.3.3, 11.2.7 

2.7.1.2, 4.5, 11.2.6 

2.5.10, 4.2.2, 11.2.18 

11.2.2 

2.7.1.3, 11.2.2 

11.2.2 

2.4.2 

2.7.2.2, 11.2.11 
2.5.17.3 

6.4, 11.2.8 
2.5.12, 11.2.18 
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UNIT INDEX (cont) 


Unit 

Paraeraph 

time 

2.7.1.1, 11.2.7 

torque 

11.2.10.3 

volt 

2.5.7, 11.2.18 

volume 

2.7.1.4, 5.1, 11.2.3 

watt 

2.5.5, 11.2.14 

weber 

2.5.11, 11.2.18 

weight 

5.7, 11.2.9 

work 

11.2.13 

year 

11.2.7 
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